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Preface

The post few yeors hove witnessed o ropid development in the fleld of
monogemen? science. The successful opplicotion of monogement science
models in the fields of business moriogement, militory operotions reseorch,
troffic engineering ond regionol plonning hos encouroged educotionol
plonners to test the utility of such models within the educotionol environ-
ment. This study represents one modest ottempi to contribute 1o this emerg-
ing [iteroture on the devel.pment of mothemoticol plonning models in the
educotional field. In this cose, o lineor progromming model wos developed
fo provide o Stote Deportment of Educotion with on improved knowledge
ba.e to evoluote olternotive strotegies for the ollocotion of vocotionol edu-
cotion funds to locol school districts,

This study represents an extension of the recent developments in the
Pennsylvonio stote-wide comprehensive study of vocotionol educotion. The
Pennsylvonic Reseorch Coordinoting Unit wishes to ocknowledge the os-
sistonce provided by Dr. Donold J. Willower, Professor of Education, ond
Dr. Dovid A, Wolker, Associote Professor of Quontitative Business Anolysis
ot the Pennsylvonio Stote University.

This study provides on excellent exomple of how the resources of o
mojor university might be utilized to opprooch numerous ond complex proh-
lems which confront educotionol decision-mokers within Stote Deportments
of Educotion. The opprooch of this study is interdisciplinory in noture ond
exhibits the integrotion of theories ond concepts from the fields of vocotional
education, operofions reseorch, educotionol odministrotion ond mothemotical
economics,

Sinco the model in this study wos developed with the intention of pro-
viding a generalizoble procedure thot could be used by ony Stote De-
partment of Educotion, the Pennsylvonio Reseorch Coordinoting Unit is
disseminating this monogroph 1o o selected set of educotionol reseorch ond
development personnel. | hope that the pubMicotion will prove to be of
some volue for other stotes foced with similor problems in developing
alternotive strotegies ond policies for the allocoticn of vocotionol education
resour<es,

Joy Smink, Director
Reseorch Coordinoting Unit
for Yocotionol Educaticn
Moy 20, 1970
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Chapter One
Introduction

The reality that education is the second largat single contributor to the
Gross National Product in this country has been emphosized in recent litera-
ture. The expenditures of the Vocationol Educotior. Act of 1963 represent
a portion of this contribution. For example, Benson shows thot the 1967
expenditurcs for education administerad by this act exceeded 225 million
dollars.! 1n Pennsylvania alane, Arnald calculates that In the same year
this act provided the state with more than 13.8 million dallars far the devel-
opment and maintenance of vocational education pregrams.? Public expen-
ditures of this magnitude place an obligation on State Departments of
Education to adninister funds according to state plans which are based an
sound financial manageinent, a knowledge of the economics of demand and
supply, and an understanding of the organizational structure of its educa-
tional instituticns. These elements tuken collectively form a basis for voca-
tional education program planning at the state level which is the concerr
of this investigation.

1.1 An Overview of the Study

In this investigotion an educational planning model was developed to
provide o State Departinent of Education with o set of guidelines for the
efficient allocation of vecational funds to public school systems. Following
its construction, the moclel’s utility was illustrated by applying it to Penn-
sylvania data. It should be noted that, although the Pennsylvanio Depart-
ment of Education does have o state plan for administering these funds,
this plan did not utilize quantitative economic theory, nor did the plan give
sufficient considerotion te the relationships between public schools and other
educational institutions within a labar market. The development of the
model wes based on both of the above considerations.

In the Investigation, all testing of the model was based on a set ef occu-
pational training programs within a given Labor Market Area (LMA) of

YCharles S. Benson, The Economica of Public Fducation, Second Edition. (Boston: Houghton
Mifhin, 1968, p. 214,

*Woller M. Arnold (ed), Vecational, Technicol ond Continuving Education in Pennsylvonla:
A Systoms Approoch te Statelocol Progrom Planning. (Harrlsburg: Pennsylvoria Department
of Educotion, 1989), p. 6.
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Pennsylvonlo.? 1t wos demonstrated thot the model provides o generalizoble
procedure thot con be applied to all lobor morket: in the stote In fact,
since lobor markets or: federally defined subdivisions ond since schools
across the country exhibit similar orgonizational charocteristics, this mode!
should provide o procedure with some level of applicotion in any stote.
The generolizobility of the model is also enhonced by the fact that the
administrotion of vocational educotion programs in every state must follow
the reguloticns set forth in the guidelines provided by the U. S. Office of
Education.t

1.2 Educational Planring

Since the prime objective of this investigation is the construction of a..
educationol planning model, it seems appropriote thot a secticn on devei-
opments in educational plonning should be incfuded in the introductory
chapter. Thz discussion focuses on recent developments in the literoture
ond is divided into ihree parts. These are the necesiity and scope of edu-
cational planning, present plaaning merhods, and models and mathematics
in educationol plonning.

THE NECESSITY AND SCOPE OF EDUCATIONAL PLANNING

The necessity for additional knowledge ehout educational planning ond
its importance to economists and government personnel as well os educa-
tional administrators is evidenced in the articles of the 1947 World Year-
book of Education.® This publication is devoted entirely to the topic of
educational planning. Other recent educclionol writers such as Martley,?
Davis,” and Bangharf® concur on ihe recessity for additional knowledge
about educational plonning. Horlley advances the notion that generol
systems theory could provide the conceplual framework for studying the re-

Yfor o dewcription ond dofinition of LMA’s see U, $. Deporiment of Labor, Hasdbosk
Defining Lobor Morket Areas, Employment Security Resecrch Methods, BES No. — R 186,
(Woshington, D. C.: Bureov of Employment Security, 1960).

“ for exomple 1ee the proposed regulotions for vse by State Boards for Yocotionol Educa:
tion In Yocotional Educotion Act of 1983 os Amended by lille One of the Yocational Euu-
cation Amendments of 1968—Regulotions for State Plon Progrems, (Woshlagten, D. Ca
Bureov of Adul, Vocotionol ond Librory Progroms, U. S. Office of Education; Deportment
of Heolth, Ed: colion, ond Welfore; April, 196%9).

*George . Buredoy ond Joseph A: Lovfwerys (eds), The Work' Yeorbook of Educafion
19871 Educational Plonning, (Lendon: Evons Brothers Limited, 1957),

* Marry Hortley, Edveotionol Planning-Progromming Budgeting: A Systems Appreach, (Eagle-
wood Cliffs, Hew Jersey: Prenlice-Hall, 1948),

TRusell ©. Dovh, Plonning for Humon Resourse Development: Edwcolional Models ond
Schemato, (Chicogo: Rand McNolly, 1§36).

“Fronk W. Songhori, Edvcationol Systems Anolysis, (Toronto: Colfier-Mochillan, Conedo,
1:89).
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lotionships among educational variables and a program-planning-budgeting
system (PPBS), Banghart recommends new and more extensive use of the
compuler to assist in the decition-making process, while Dayis points out
the need for using the «oconomically based human resaurces approach In
educational planning.

While the necessity for additiona! knowledge about educational planning
is widely accepted among scholars and administrators, the same level of
agreement does not hold for its definition. Coombs states:

There does not exist os yet any simple ond generally agreed
definition of educational planning. This is perhops a good thing,
for it is still too early in the career of this young subject to stunt
its growth by verbal constraints. Mevertheless, there does seem to
be u rapidly emerging consensus of opinion concerning the gen-
eral character, desirable dimensions, and primary functions of
educational planning as applied to the kind of situation in which
most nations find themselves today.?

Parnes notes:

Where general economic development plans exist, it is clear
thet educational planning must be related lo the overall produc-
tion targets establithed by the economic plan. But even in the
absence of economic planning, education is in all countriss pri-
morily o public responsibility and decisions with respacl to the
amount and noture of educational expendifures are continuously
being taken by public outhorities, presumably in terms of some
conception of the social gools tha* cre to be served. In o sense,
therefore, there Is educational planning under any circumstances,
and the only question is how rational or sclentific it Is to be.1?

Finally, Anderson and Bowman define educational planning os “the process
of preparing o set of decisions for future action pertaining to education,”1t

The need for integration of aducational and economic planning 1c pro-
vide patterns for efficlent oflocation of scarce resources is, however, one
idec that does not suffer from o fack of agreement among educational
plonners. This ogreement Is noted by Chirtkos and Wheeler who state:

.« . recent yecrs have witnessed an increasing emphasis on
the need to design educationa! pelicy In relation to an overall
set of objectives for economic and social devalopment. This items

"Phitip M. Coombs. "What Do Wa $Hil Need to Knew obout Educatienal Plonning?,”
in Beredoy and tavfwerys, op. oit, p. 38.

* Horbert §. Parnet, Forecoming Educational Nesds for Economic end Sociol Development,
{Paris: The Orgorlration for Economic Cooperchion ond Devalopmany, 1962), 9. 9.

TC. Arneld Andarscr ond Mary Jeon Bowman, “Theorstical Considerotioms In Educo-
tlona! Planning,” in Don Adoms (ed.), Educational Ploaning, (Syrocuse: Syracuss Univenty,
School of Edueation, 1964}, p. 9.
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principally from retearch carried out during the past decade or
formation of humon capital and sources of economic growth.12

Hence, o comprehensive plan for the allocation of resources for vocationcl-
technical educotion programs should not be developed independently of
economic demands.

PRESENT EDUCATIONAL PLANNING METHODS

While the need for the utilization of economic theory and method in
educational planning is well documented in th2 literature, agreement on
its most efficient and proper use in relation 10 educalional organizations is
not so clearly defined.!® :

In terms of application, however, one general group of methods can
plen an important role in develcping resource allocation models designed
specifically for vocational-technical education. This group is generally re-
ferred to a3 the monpower-requirements approach. The widespread use of
this approach storted to occelerate in the eoriy part of ‘he 1960's.1¢ A
review of the literature in the manpower-requirements approach ond its
utility as a tool for edu:chonal planning can be found in the following
chapter.

MODELS AND MATHEMATICS IN EDUCATIONAL PLANNING

During the past few years there hos been a rapld develc ment of the
field colled managenment science {nol to be confused with the older Iradi-
tien of “scientific management” in the sense of time axd motion studies).!®
Management science models, which express the organizational eavirsnment

Y rhomos N. Chirikos end A. C. Wheelsr, “Concepts ond Technijues of Educationel Plan-
nlng,” “Review of Educationol Ressarch, 38: 265; June, 1963, For o discumsion of the
telationship batween educational planning ond economic growth sea o the extenslve bibli-
ogrophy pruvided by Mork Blaug, Feoromks of Educofion: - A Sefected Annotated Bibfi-
ography, {Oxford: Pergamon Press, 1543).

%A genstal review of o number of planaing methods ton be found In Williom O. Bowen,
Economic Aspects ol Sdueation, Princeton: Prlnuton Untversity Press, 1984); Mark Blaug,
"Approaches 1o Edutotionel Plonning,” E ) ), 77: 263287 ond Chirihos and
Wheeler. op. #*, pp. 264.2,6.

“AImost every recent Libliogrophy on the economics sducation, including the 1967 ond
1988 lssues of the Review of Edvcotionol Reseorch, point to two major worka as represeniative
of the monpower-requirements opproach. These ore Pornes op. ¢it. and The Orgonization
for Economic Cooperation end Development, Econometric Models of Education: Some Ap-
plicctions, {Parls: OECD, 19635).

* The dirtussion on 1 science in this section Is bosed on Kod A. Fox, Francis P.
McComley and Yokir Pbunor. Formulation of Monagement Scinace Modele for Selected
Problams of College Administration, U, 5. Department of Heolth, Educotion, and Welfare:
Offics of Educotion, Final Report Contract No. OEC-3-6080058, (Ames, lowo: lowo Stote
Unlversity, 1967).
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ond its dynamics in mathematicol relationships, have succesfully been ap-
plied in the fields of business management, military operations research,
troffic engineering ond regionol plonning. Although the utility of such
models hos been proven in the areas listed above, Fox and his colleagues
observe that academic administrators are making little use of these modern
scientific opproaches. He mentions that not ol aspects of academic life
are or should be subject 1o quantification; however, he claims thot many
decisions are made by administrators which affect in qucuititative ways the
“input” and “output” of the educutional process. In this work, fox and his
associates build a: 3 “amonstrate the efficiency of three management science
models which can oe applied by eaucational planners to the problems of
resource allocation in a university,

Correo, reviewing the current status of mathematical models in educa-
tional planning, offers one explenation for the lack of adoption by educa-
tional planners, Me notes:

.« . models must be and have olways been used in educational
science and planning, but that mathematical medels are an inno-
vation. Probably many educationists and educationo! plunners
will find this statement unacceptable. The only reason for this is
that most model-builders have been busy constructing models 1n-
stead of explaining what models are.1® ‘

Hence, it seems instuztive to describe what models are. Hagget statas:

In everyday language the term model has at |..ast three differ-
ent usages. As o noun, model implies a representotion; as an
odjective, model implies idecl; as a verb, 1o model means to
demonstrate. We are aware that when we refer to a medel roil-
way or o model husband we use the term in different senses. . . .
In model building we create an idealized represantation of reality
in order to demonstrate certain of its properties.1?

It should be mentioned that mode’s and mathematics are not synonymous
tern: ¥ Educational models without mathematics are cften utilized in sci-
entific analysis of behavior in education.1®

Y Hoctor Corrss, “Models and Mothematics In Educationol Planning.” In Beredoy and
Lovfwerys (eds), op. 2, p. 398,

7 poter Hogget, Locaticn Anolysit in Mumon Geogrophy, (London: Edword Arnold Pub-
lishers, 1965), p. V7. :

B ussell Ackoff describes thrse types of models (iconie, logue ond symbolic) In
Scientific Method: Optimizing Applied Reseorch Decitions, (New York: John Wiley ond
Sons, 1962). Richord Chorley carries this closstfication process further and ereates a 'model
of models’ in “Oeogrophy ond Anclogue Theory,” Annvalr of the A:seciction of Americon
Geogrophers, 54: 127.137; 1964. He clomifies models o mothematical, experimental or
notural. Mathemetical models are further clansified os stochostic or deterministic.

® See the trectment of models of orgonizetions in Willard R. Lane, W al, Foundations
of Educotional Adminitiration: A Behoviorol Anolysis, (New York: Macmillan Co. 1588),
pp. 3946 ond the Fiterature cied therein. : -
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Up fo this point, the treotment of mndels and mathemotics in edyca-
tional planning focuses on three points. These are: (1) management s.ience
models (mothematicol models) are innovative and are not widely utilized
In academic administration, (2) on explanation of the concept of o model,
and (3) the distinctions between models in general ond a specific subset
of modeis; namely, mathematical models. 1n the concluding paragraphs of
this section, a selected set of recent developments in mathematical planning
models is presented. This should demonstrate some of the capabilities and
also the range of applicability of mothematical mode!s to educationol
planning. A more comprehensive treatment of planning models that are
related directly o this study is deferred until Chapter Two.

Correa provides educational planners and administrators with o mathe-
maticul model to help the decision-maker formulate o set of parameters
for the distribution of resources between general and vocationa! education.0
Cohn uses a set of mathematical models to develop economies of scole for
an lowa sample of 377 high school districts.?! Sruno uses a linear program-
ming model to determine a school district salory schedule wi*h can meet
specific teacher union ond school board demonds.?? Stankard and Sision
developed o model to simulate the operation of a lorga urban schoo! dis-
irict?% 1n this case, one result of the simulation is to portroy various condi-
tions such as stoff salaries, space per student, ond students per stoff member
ond, then, to estimate the financial requirements and operating stafistics
for each condition. Frojections could then be made of the cost of operating
the schools under various sets of policies.

for macroaconomic educational planning, several mathematical models
have been published by the Orgunization for Economic Cooperation and
Development (OECD).** These models are almost exclusively of the man-
power requirement variaty and have been designed fo operate ot a national
level. Since educotion in this country is o state function, similar models
ors nat commonly developed on a national leval.

* Hector Correo, “Optimum Cholce Betwsen General ond Vocotior ol Educarion,” Kykloe,
18: 107-113; 1948,

" Elchanan Cehn, “Economies of Scale Tn lowa High School Operotiors,” The Journol of
Humon Resourses, 3: 423-479; Foll, 1968,

P lomes E. Bruno, “Using Linsar “ssgramming Solary Evoluotion Models In Collective
Sargalning Negotistions ahth Teocher Unlons,”” Secio-Economie Plonning Scieace, 3: 103.117;
1949,

*Martin Stonkerd ond Reger L. Shien, Operctions Research end Improved Plwning For
an Urbon School District: Cufinitions ond o Simulation Model, (Philodelphta: Manog.ement
Sclence Center, Univensity of Penmsylvanle, Technial Memo F11687, 1967).

™ Those OECD publications are oft 2y'Fned In Chirfkos and Whesler, op. coit, pp. 264-276.

é
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The types ot matkematical models currently used in this country for edu-
cational planning are briefly discussed in Kraft.25 A survey of econometric
models applicable 1o the educational system con also be found in Fox.2
The mothematical planning modele described above offer the reader some
insight Tnto the wide range of applicatians of these models in educational
planning.

1.3 The Need for the Study

In this section the discussion on the need for the study will be extended.
It will be demonstrated thal the research is timely and also thol the results
of the study can moke a contribution to the existing literature on vocalional-
technical education progrem plonning at the state level. The section is
divided into four parts which focur on different aspects of ihe problem.
These topics are: (1) the emerging role of State Depariments of Education,
(2) the future role of Divisions of Vocational-Technical Education, (3) long-
range stote plans, and (4) the survey of the stales.

THE EMERGING ROLE OF STATE DEPARTMENTS OF EDUCATION

The structure of the United States educational system con be briefly
summarized as o federol state-local partnership. In an effort to gain o new
perspective on how the State Department of Education (SDE) might
strengthen its contribution to this relationship, Investigators ot the University
of Chicago have conducted research or. o number of SDFs and have pre-
sented their findings in @ seminar held during the summer of 1966. These
results are summaiized by Campbell who outlinas o mode! for the emerging
role of the SDE27 In general, the model suggests that SDE's should have -
less preoccupation with regulations and more concern with leadership. Spe-
cifically, these leadership functions should include services which ore rele-
vant to the needs of local school systems and should be based on ystems
management rather than merely reflecting experiences In schoal administra-
tion.

Roe, depicting an SDE operating in 1980, claims thut their services will
include application of up-ta-date and tested business management techaiques
ond suggests that SDE persennel will program compulers so that contempo-

®Richord H. Krah {ed), Strategies of Educational Monning: Proceadings of the Second
Annvel Conferezce on the Ecoronrics of Educction, (Tollohossee: Educotionol Systems Da
velopment Center, The Floride State University, 1949).

" Korl A. fox ond J. K. Sengupto, “The Specificotion of Econewniric Modehs for Planning
Edveationol Systems: An Apprahsal of Alternctive Approoches,” Kyking, 21: 663-693; 1968,

 Roald F. Compbell, “The Emerging Role,” ia Roold F. Compbe!l, Gerold E. Stroufe ond
Donnld M. Layton (sdr), Strengthening Siots Deportments of Edlvcotion, (Chitogs: The
Midwest Adminfstration Cinter, The Unlvanity of Chicogo, 1987), sp. 7692,

14
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rory information dealing with educafion requirements will be readily avail-
able.?® Rackley and Carroll assert that:

.+ . while the educational plannina is growing more complex
and ir eatingly involves such othc: . -vernmental agencies as
health, welfare, the United States Ofricc of Education, etc., it is
the responsibility of the state education agency to coordinate the
educational effort within o state.??

Culbertson saes the SDE of the future:

. + . serving os an interpreter of guontitative data on education
and of important state and naiional studies which bear upon and
have implications for educatiana! planning.??

Cleorly, if the SDE’s of the future are to adapt to the changing role they
must play in the federal-state-local partnership of the future, the develop-
ment of manogement science models built to reflect the properties of the
educational system must become an integral part of thelr planning
procedures,

THE FUTURE ROLE OF DIVISIONS OF
YOCATIONAL-TECHNICAL EDUCATION

A more immediate concern of this study is the future activities of a spa-
cific svbdivision of SDE, the Division {or Burcav) of Vocational-Technicol
Education (DVTE}. The future leadership role thot DVTE ccn play in the
federal-state-local portnership of the educction system is clearly outlined
in a recent publication by The Chio State University Center for Yocational
and Technical Education.?! This report contains nine background papers on
major forces and foctors relevont 1o SDE operations and three papars
prepored by individuals responsible for synthesizing the various viewpoints
and drawing major implications for the emerging role of the DYTE,

Rice translates the inputs of these nine p;:pen into specific functions that
DVTE’s can perform.32 He concludes: (1) DVTE’s should be concerned with
developing dato systems for educational plunning purposes and these data

" William M. Roe, “The Stote Educotion Agency of the Future.” In Edgar L. Morphet and
Charles O. Ryan {ed1.), Designing Educetion for the Future: Plonning ond Effecting Nesded
Changes in Education, (New York: Citotion Press, 1969), pp. 248260,

® ). Rolph Rockley and Donold M. Corroll, “Supplementary Stotements,” in Morphat end
Ryan, op. cit, p. 290,
® Jack Culbartson, “Stote Planning for Educotion,” in Mosphet ond Ryen, op. cif, p. 281,

" Dick C. Riso ond Pows!l £ Toth [sds), The Emerging Role of Stote Edueofion Dsport-
ments with Specific Implications for Divisions of YocotionakTechnice! Education, (Columbus:
The Center for VocationckTechnkal Edweation, The Ohlo State Univensity, 1971),

#0ick C. Mico, “Stote Edveation Deportmends and YocoHanol-Technleal Education” In
Rics and Toth, op. cit. pp. 333974,
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should include information such os monpower needs, cost of training pro-
groms for different occupations, and follow-up statistics cn graduotes, (2}
the DVTE’s should forge stronger cooperative ties with other local, state, fed-
eral and private agencies concerned with meeting the increasing need for
vacational educaien, ond (3) DVTE's should sponsor in-depth studies to de-
termine ihe existing real situation and to develop effective strategies for in-
flvencing the stute legislative process.

The Stanford Research Institute, commissioned in 1967 by the USOE, ex-
amines the existing plonning ond allocation process for vocational-technical
education in six states and eleven communities. The position papers oad
the results of this project are published and edited by Kotz3® The recom-
mendations that follow Include those summarized by Rice as well as others
relating specifically to the economic ospects of vocational-technical educo-
tion plonning. Kotz notes:

(1) Progroms funded by the Vocational Educotion Act of 1963
shou!d be required to meet tests of economic efficiency. Anclytical
studies should be conducted of aolternativu woys of achiaving
objectives and goals, using benefit/cost ond systems analysis
techniques.

(2) The basic concept of and new approaches ta decision theory
ond PPB (planning, progromming and budgeting) ca a systematic
basis shauld be odosted dnd installed by all governmenial juris-
dictions having major responsibilities for the allocation of resources
for occupational education.

(3) Goals should be stoted in quantitative terms a~d re;wresent
the final purposes of the occupational education process. Nlustra-
tive of goals stated In such terms could be the number and percent
of callsge-bound students who should grodvate from secondary
schools with acodemic diplomas Output goais could also be stated
in such quontitative terms os tha number and percent of fully
qualified students to be graduatad from specific occupational
course sequences and placed in jobs. Progress toword oftoining
these gools should be meosured.

(4) Major objectives should be clearly identfified and priorities
for them should be established as a guide to program development
and cllocation of resources ot tiie state ond community levels.?*

It should be noted that Kotz aims thess recommerdations ot vocational-

 Arnold Kotz (ed.), Occvpationol Educations Planning ond Programming, Volumes One
ond Two, (Menlo Park, Ccl‘r!omh Stanford Reseorch Inslitvte, SRI Project No. MU-8157,
1967,

" ibid., rp. 7!5 Additlonal discvmslons oboul the allocafion of resources In vocational
technlcal od planning can be found In 2. Robert Worbrod, Review end Synthesh
of Ressarch oa the Economics of Yocetional Educotion, (Cofumbui: The Center for Yocationol
ond Techniol Education, The Ohlz State Unlversity, 1967).
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technicel education plariners in federal ond local levels es well as to DVTE
personnel.

Lee has recently completed a study of the role, organization and admin-
istration of vocational education at the state level in 41 states.?® Based
on the results of this study and o review of recent research in vocational
education, Lee and Harlin identify certain shortcomings of vocationat edu-
cation planning research. They cenclude that “the policy and policy mok-
ing arrangements responsible for introducing change into the system’
need far more attention In future research efforts.3

At this point the implicatiuns of the research for the future role of the
DVTE are clear. DVTE's must: (1) provide vocational-technical educatica
planners at the local level with accurate information on manpower needs,
(2) develop and apply decision theory models to the problem of resource
allocation at the state level, (3) communicate vocational-technical education
needs to the appropriote government decision-making cgencies, and (4)
cooperate with the private education sector and other gavernmental agencies
to develop a systems approach for labor demand and supply relationships
within the stote.

LONG-RANGE STATE PLANS

Based on recent developments in vocotional-technical education at the
state level, it can be shown that this investigafion is both timely and ex-
tremely useful for assisting SDE's to develop their long-ronge plons. For
example, on the local level, Musso shows that enrollments In vecationa!
programs increased from 349,000 in 1964 o an estimated 8.2 million in
1968 and will continue 1o rise fo an estimated entcliment of 14 million by
197537 If SDE’s asiemble accurate Irends on future enroliments, they can
begin now to consider alternative policies for planning their occypational
programs of the seventies. In this regord, simulation can be used to deter-
mine the relative benefits of various alternative policies on future sutput
of the state system, k

At the national level, the USOE now requires State Boards of Education
to submit stote pians for vocatianol-technicol education prog:ams.3® Siates
are required fo project, by vurious occupational categorles, labor market

® Allen Lee, “Study ¢l Terceptions of State Leve' Admialstration,” A Nofionwide Study
of the Administrotion of VocationohTecanicol Edcsotion of the Siofe Level, Yolume 4, (Wosh-
ingtos, D. C.i U. §. Government Printing Office, 1967).

® Allen Lee and Herbert M. Hom'in, “Orgonization and Administration,” Review of Edv-

cofional Resaarch, 36: 359407 Oclober, 1948

# pichosl Russo, “14 Million Votationa! Students by 1973,” Americon Education, 5: 1011,
March, 1969,

" 5ee the discussion In footnote 4 in this chopter.
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supply and demard for the current year and for a target year five yeors
following. Models, developed for investigating long-term funding policies of
SDL's, can now use standordized data inputs. Hence, o model such as the
one developed in this investigation could e used by on SDE to determine
the relative merits ¢ alternotive policy decisions.

A status report on current mathematical plonning models ysed by SDE's
is deferred to the next paragraph. At this point, however, it ron be men-
tioned that fevs SDE's are applying these models to their long-range pro-
jectiors. In 1968, Benson attributed this lack of application 10 the fact
that analytic tools of planning such as linear programming and simulation
techniques ore considerably better thon the educational Jata to vhich they
can be ooplied.?® With the new USOE mandote requiring supply-demand
projections for long-term planning, lack of data con no longer be used as
an argument for not utilizing mathematicol planning models to assist in
establishing future resource allocition policies.

THE SURVEY OF THE STATES

A survey of all 50 SDE's, conducted by the author in September, 1969,
shows that 46 states do not currently use o model similor to the one utilized
in this investigation nor are they presently developing one. Colorado and
Utoh indicate that they have storted to develop o model but due to stoff
limitations ond other work priorities have postponed their projects. Oklo-
homa intends to do some research an the value of using linear progromming
techniques to assist with vocational-tzchnicol education funding policies.
Minnesota is developing a lanning form for local school districts that will
provide the state in the near future with the necessary dota to ute simula-
tion techniques for long-range planning in the state vecational education

system.

The results cf this survey odd odditional evidence for the potential capa-
bility of the proposed model. Since (1) the literature on the future leader-
ship role prescribed for the SDE's shows that their plonning ogencies shou!d
uvtilize mathematical planning models to assist in determining their resource
allocations and (2) the survey shows that these models are not currently used
or yat developed, the need for an appropriate model which hos been

" 8enson, op. &it, p. 68. See olso o simitor discusslon by Benson on opplicotion of
wconometric types of educational plonnirg models In “Ecoromics ond Educotion,” Review of
Educctional Research, 371 1, 96102, ¢ebrvory, 1967, Lochens ottributed this gop between
developed menogsment sciance moduls ond thelr sducational oppiitation not only to edwca-
Sonol dota fimPation but oko %0 the noture of current educational plonning. He noted
thet the mathamatical Instruments presently availoble ore more elaborote than the concepts
being uvted by educationo! plonners. Ses Rene lochene, “The Applicotion of Operationol
Ressarch to Educationol Plonning.” In Orgonliation for Economic Cooperotion ond Develop-
ment, Eficisncy in Resource Wilizotion In Education, {Poris: OECD, 1969), p. 33,

n
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empirically tested is apparent. Based on the discussion above, the model
developed in this investigotion can moke o significant contribution to the
existing literature on the financing of vecational-technicol education pro-
gram planning at the state level.

1.4 Statement of the Problem

The remaining portion of this chapter extends the discussion in Section 1.1
on the nature and scope of the present study. This study, deoling with the
problem of the efficient resource allocation of vocationcl-technical 2duca-
tion funds 1o local school districts, is bosed on concepts from economic
theory which Hartlay notes can:

... provide a broad framework within which the desired educa-
tional objectives can be expressed and accomplished in the most
reasonable and efficient manner.f?

Recognition of the importont contribution of education to economic growth
has heightened the interest of economists and educational planners in the
development of an economically rationa! basis for the allocakion of resource
in the educational sector. They have attempted to develop methods of
resource allocation and enroliments within the educotional system. For
example, Bowles constructs o model for the efficient allocation of resources
which views the educational system as “on oggregation of production
activifies” where “each of these processes used o variety of inputs (both
humon and otherwise) to transform row moterials (the vneducated) into a
producer’s good.#1 This view of an educational system as o set of input-
output or production relationships, which can be controlled in o way thot
will oplimize the use of scarce educational resources, can also be found In
other recent economic investigations of the educational system.*2 It also
provides o basis for this investigotion.

Following the example set forth by Bowles and uthers, the State Board of
Education car odopt this input-output relotionship ta the state educational
system. Using this economic conceptualization, the Board could formulate
the following question about its allocation of vocational-technical education
funds:

“ Hartley, op. ¢it., p. 15,

“ Samuel 5. Bowles, “The Eficiant Alfocation of Resources Tn Educotion,” Quartedy fournol
of Economics, BY: 191; May, 1987,

“for exomple, see Jossph A. Kershaw, “Productivity in Schoels and Colleges,” iIn Sey:
mot €. Horris ond Alaa Levensohn (eds.), Education oad Public Policy, (Berleley, Californle:
MeCotchau Publishing Co, 1965), pp, 185191, Jessa Burkheod, Thomos G. Fox and John W.
Holland, Inpvt ond Outpwt In Lorga-City High Schook, (Syracwse: Syrocwss Univensity Prem,
1987); H, Thomas Jamer, ). Alon Thomos and Morold T. Dyck, Weokh, Expenditures and
Decision Meking for Educotion, Office of Education, Finol Report, Ceopurative Rescarch
Project No. 1241, (Stonford, Colfornla. Stanford Univenity, School of Education, 1983)
ond Richord Stone, "A Model of tha Educationo! System,” Minerve, 31 122-188; Winter, 1965,
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How can the $DE mos! efficiently allocate a fixed level of voca-
tional-technical education funds (input) to the public schools so
that the output of graduates from these vacational programs ot the
local level mokes the mos significant contribution toward reducing
the existing demiands of the lobor market?

The question above [yrovides the statement of the prablem for this study.

The purpose of the mathematical planning model davelaped in this siudy
is fo provide the decision-maker, the State Baard of Education, with new
knowledge to evalua‘e decisions about the efficient allocation of resources.
The model is based cn the supply-demaad criterion outlined in the question
above,

Simon shows the relationship of new knowledge obaut the future per-
formance of a system: and its relationship to the decision-making process in
the following statement:

The function «f knowledge in the decision-making process is to
determine which consequencies follow upon which of the alterna-
tive strategies. I is the task of knowledge to select from the whole
class of possible consequences a more limited subclass, or even
(ideolly) o single set of conscquences correlated with each strategy.
The behoving subject cannat, of course, know direcily the conse-
Auences causality would be operating here—fuhire consequences
would be deterriinants of present behavior. What he does is ta
form expeclatiors of future consequences, these expectations being
based upon kncwn empirical relationships, and upon information
aboul the existitg situation.?

Hence, foilowing the selection of any specific resource allocation policy,
the mathematical planning medel can provide the decision-maker with new
knowledge about the future output of graduotes generated as a result of
that policy. Further, for a fixed level of input (funds allocated for programs),
the model can be employed to calculate an optimal solution in terms of the
output of graduotes ‘n the system. In this monner, the decision-moker con
clearly view the stata level system os o sel of input-output relationships.

At this juncture, it should be mentioned that the mathematical planning
model does not make: decisions nor can it replace judgment an the part of
decisfon-makers. Rotlier, the model is designed to aid and support deciston-
makers by providing pertinent dota on oliernative programs and courses
of action for fundirg vocotional-technical education programs.

1.5 Definitions of 7wrms

Lobor Market Demands. Demd ~ds are notices of [ob vacanzies that exist
In the lobor morket, These notices are expressed in terms of graduates

“ Herbert A. Simon, Ac'rinistrative Behaviorn A Study of the Decision-Moking Process In
Adwministrotive Orgonizofticrs, Second Edition, [New York; Mocmillon Company, 1981), p. 68.
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needed from specific vocational-technical education programs defined in
the Office of Education classification system.4

Lobo: Market Supply. Supply consists of graduates of vocational-technical
education progroms defined in the Gffice of Education classification system.$®

Lobor Market Area (LMA). Lobor morket oreas are geogrophic boundories
defined by the U. S. Department of Laber for manpower planning and
statistical reporting.

Input-Oulput Analysis. Hartley defines input-output analysis as:

. . . an economic technique designed to examine the effect of
changes in certain inpul variables 10 the outcome or output of the
system under study; a form of systems anolysis; inputs are the
resources employed 1o achieve objectives and outputs are the
products of a program, often expressed numerically.

Input. Following the generc! definition by Hartley, ar input In this study
is defined os an amount of vocational-technice! education furds given to a
local school district by an SDE to subsidize the existing iccal funds spent
on a vocational-technlcal education program.

Output. Applying Hortley’s definition, an output in this study is o supply
of vocalional-technicol education graduates who have completed their
accupational troining and are prepared io enter the labor force.

Vocational-Technical Education Programs. Vocational-technical education
programs considered In this investigotion include only those so? forth in the
SDE guldelines for administering the Vocational Education Act. The docu-
ment clearly stotes thot:

Funds urder the 1963 Act will not be availcble for instruction
which is designed 1o fit individuals for employment in recognized
occupatinns which are generally considered to be professional or
os requiring o baccalaureate or higher degree.t7

Yocational-Te hnical Education Funds. These funds represent o subsidy
given to lotal school districts to defray the increased cost of vocationcl-tech-
wical education programs. Payments to local districts are made on an en-
rollmer.t basis as outlined by Arnold.*®

U, $. Department of Heolth, Educe'ion, and Welfare, Yocationa! Educction end O~
cvpotions, OE-8001L, (Woashington, D. €. Gavernment Printing Office; July, 1969).

“ 1bid.

* Hartley, op. oit, p. 238,

V. 8, Department of Health, Bdutation, and Wellors, Adminisiration of the Vocationol
Edweation Act: Rules ond Regulations, Yocationol Edueation Bulletin No. 1, Revhed 1964,
(Woshingfon, D. €.t Govarament Printing Offics, 1987).

% Arnold, op. t, p. 298
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A Typology of Educational Orgonizations in the LMA. This study
uses the typology of educaticnal orgonizations that Arnold has shewn pro-
vides a valid input for the labor market supply in a supply-demand model
of the vocational-technical education system.*? These are graduates from:

1. Public Secondary Schools.

2. Community Colleges.

3. Privote Trade and Technical Schodls.

4, Private Business Schools.

5. State Trade and Technical Schools.

6. Monpower Development Training Programs.
7. Stote Retraining Act Progroms.

8. Two-Year Programs in Four-Year Schools,
9. Private Junior Colleges.

The following standard definifions pertaining to mathematical models of
decision making can be found in most sources dealing with orgonizational
decision making. The definitions used below are taken fram Nemhauser.’?

Optimizotion. The process of finding o best solution among several feo-
sible alternatives. The term “best solution” is used becausa there may be
more than one optimal solution.

Yariables. Variables are those factors that can be manipulated to achieve
the desired objective. These variables are cammonly referred to as inde-
pendent or dezision variobles.

Parometers. Parameters are those fatiors that effect the objective but ure
not controllable (cannot be manipuloted as are decision variables).

The Measure of Effectiveness. The meosure of effectiveness is the value,
utility, or return associoted with parficular values of the decision varioble
and parameters. The e of effectiveness, alternatively called the utlity
measure, criterion function or abjective functian, 1s o real-valued function
of the decision variables and parameters.

Constraints. Comtroints are relofionships that determine the values that
the decision variables coa ossume.

Feasible Solution, Any solution of the objective function which also sotis-
fies the constrainls Is known o3 o feasible solution,

* Arnold, op. ¢t p. 160,

* George L. Nemhowser, Introduction fo Dynamic Frogremming, (New York: John Wiley
and Sons, 1567), pp. 29, For o similor discension of mathematical models of decision making
1o ale Mercus Alexis end Charles 2. Wilson (eds.), Orgonizationol Decizlon Making, (Engle-
wood Clifls, New Jersey: PrenticeHoll, 19¢7),
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Optiral Solution. An optimal solution is defined as a feasnble solution
producing the greatzst possible return,

Efficiency in Educational Decision Making. Burkhead notes that:

Economists use the term efficiency in two senses. First, a given
pottern of resource allocation is said to be efficient if sther things
remalning the same, consumer satisfactions are maximized. This is
conventionally known as economic¢ efficiency. Sacond, a given pro-
duction mechanism is soid to be efficient if outputs are moximized
In relation to inputs; this is technological or engineering efficiency.5!

The present study (as wos Burkhead’s) is concerned only with the second of
these concepts which, however, is an appropriate economic inquiry because
choices are involved among .alternative use of a fixed level of vocational-
technical education funds.

1.6 Properties of the Model

The function of the mathematical plonning mode! in this investigotion fs
te provide the decision-maker with new knowledge that con provide guide-
lines for selecting on optimal policy for ollocating vocational-technical
education funds to local school districts. McGivney shows that PPBS is a
valuable 100l for organizing information to impruve decisions having to do
with the allocation of rusources2 Hence, the guidelines from PPBS can be
used to evaluate the ability of the model to provide the decision-moker
with oppropriate new knowledge that can improve the decision-making
process,

McGivney shows thot PPBS oftempts:

1. To focus on inputs ond outputs rother than inpuls alone.

2, To ussure the decision maker o chcnce of valid comparable

alternatives.

3. To express the ingredients for decisions in concrete quantifiable terms,

and when they cannot be quontified, it alempts 1o ba explicit about the

incommensurables.

4. To build in a dimension over time that tries 1o ses today’s decisions
in terms of thelr longer term consequences.’® .

Using these guidelines the following comments can be made oboul the
ability of the plonning model to provide appropriote new knowlodge for
the decision-maker:

" Byrkheod, op. o, p. 4.

R joseph M. McGlvney ond Williem €, Nebson, Progrom, Planning, Budgeting Systems for
Educators, Yolume One, (Columbus: The Center for Yocationo! ond Technicol Education,
The Ohio Stote Unlvenity; Avgwst, 1969}, p. 20.

»(bid, p. 3.
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1. Using 2 supply-demand criterion, the state system .s viewed as a set
of input-output relationships. Inpuls are funds allocated at state level. Out-
puts are the future graduates of educational organizations in the LMA.

2. Using lirear programming techniques, the model provides a set of
feasible solutions for a given set of voriables and parameters. In this man-
ner, a choice of valid comparable alternctives is provided.

3. Formulating the resource allocation probiem in a linear progrom.
ming formal, the ingredients for decisions are expressed in quantifiable
terms,

4. Using an input-output relationship to anclyze vocarional-technical
education allows the decision-maker to view a current resource allocation
plan in terms of future program outputs.

The analysis cbove shows how the planning model utilizes the guide-
lines of PPBS to siructure information in o form that it can be used by the
decislon-maker to evoluate resource allocation policies. What remains to
be shown is the types of planning information necessary fo construct and
operate the model,

1.7 Data Requirements for the Model

For this model, the decision-maker’s objective is to maximize the con-
tribution of vocational-technical education graduates toward reducing the
existing demai.ds in the lobor market. Given this objective, this model
vtilizes the following information to determine the decision variables and
porameters:

1. labor market demands expressed In terms of spacific vocatonal-
technical programs.

2. The total amouni of state funds to be allocated to public secondury
schools,

3. The cost to the SDE expressed in terms of dollors per pupil per
program. ’ i

4. Statistics an the enrollments in all vocational-technicol education pro-
grams sponsored by public secondary schools.

5. Statistics on the output of graduates in each type of educational insy'-

tutior in the typology (see Section 1.5).

6. Data on the school capacities per program.

7. Declsion parameters provided by the SDE on the desired rotios among
the expected outputs of vocational-technicol educaltion programs,

17
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The data described in items 1 through 5 are published in existing state
government publications or federal reports. Data in item 6 can be obtained
from an interview or survey of local school administrators. Data in item 7
con be obtained by interviewing the oppropriote SDE personnel.

1.8  Application of the Model

Following the construction of the model ond the collection of the appro-
priate dota, the model is applied for specific vecotienal-technical education
programs in the Philadelphio, Pennsylvanio LMA. The results of this oppli-
cation provide a sample of the type of information the model offers to the
decision-maker.

The optimoal solution of the mcdal for the Pennsylvanio LMA indicates the
new enrollment figures by vocationaldechnical education progroms thaot
(1) can be supported with the fixed level of predetermined funds allocated
to the LMA ond (2) reflect the maximum future output of graduates designed
to reduce existing labor markzt demonds. The future output of graductes
i bosed on existing enrcliment data on the rate of completion by type of
proyram.

1.9 Summory

Chapter Ons contains sections on {1) Introductory nates an the fiscol dimen-
sions of the Yocational Education Act of 1963, (2) an overview of the study,
(3) o general discussion on the theory and opplication of educationa! plon-
ning which inctudes the role of management science models, (4) the need
for the study which focuses on the emerging role of the SDE and its implico-
tions for long-range planning in vocotional-technicol education, (5) the stote-
ment of the problem which deols with the application of & supply-demand
criterion to decisions regarding the a'location of funds to local school dis-
tricts, (6) the definition of terms, (7) a discussion of the propeities of the
model which indicates how the model generates new knowledge for the
declsion-maker about future corsequences of present decisions, (8) data
requirements for the mode! which show the type of data needed for the
Tnput-output analysls of the state system, and (9) o discussion on the appli-
cation of the mode! in a specific LMA,

The remaining chapters will now bs described briefly. In Chapter Two,
the literature an the manpo'ver requirement approach ta educational plan-
ning is rcviewed. Chapter Three is devated to the construction of the model.
In Chapter four, the application of the model 1o o Pennsylvanio LMA Is
explained. The final chapter consists of the summary, recommendatians and
conclusions,
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Chapter Two
Review of Related Literature

The literature reviewed in the introductory chapter clearly indicates that
(1) the basic ccncepts and new approaches in decision theory should be
adopted and installed by government agencies having a major responsi-
bility for the ollocation of resources for vocational-technical education,
(2) public occupational educational programs should be required to meet
the tests of economic efficiency, and (3) analytical studies should be con-
ducted of alternative ways of achleving the objectives and goals of
vocational-technical education. One important criterion for the economic
efficiency relating to resource allocation in vocational-technical education
is the existing relationship of the supply and deniand for occupationally
trained graduates found in the labor force. The discussion of this criterion
and the extent to which it can be utilized in determining a policy for resource
allocation by SDE's is the topic of this chapter.

2.1 The Suppiy-Demand Criterion in Vocational-Technical Education Planning

Kaufman and Brown note that “One of the basic principles underlying the
Vocational Educafion Act of 1943 was that youth would be teoined for occu-
potions (supply) for which society has a need (demand).”! His review of the
literature in the manpower supply and demand points out that (1) develop-
ments in manpower policy are currently made without sufficient support of
research, (2) future planning in vocational-technical education can be im-
proved if very detailed and accurate knowledge of the labor market devel-
opments are available, and (3) it is more realistic to plan and train for
occupational clusters than for specific occupations. This latter recommen-
dation aollows greater fiexibility and smoother adjustments of supply in
response to changss in demand.

Woodhall, reviewing the literature on educational planning, comes to
the following conclusion:

The interdapendency of the educafional system and the oc-upa-
tional structure of the labor force has been so frequently empha-
sized thot many countries, both advanced and underdeveloped,
have drawn up detailed estimates of future manpower requirements

1jocob ). Kavfmen and Anne F. Brows, “Manpower Supply ond Demaond,” Review of
Edweotional Ressorch, 38: 323; October, 1944,
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which are used to determine the rate of expansion of secondary or
higher education.?

Sanders and Barth, reviewing the literature on the relationship between
educational policy and human resource development, note:

Efforts to develop educational policy olong humean resource
development lines typicolly assumed thai the primary link between
educativa and economic growth lay in the intervening manpower
preparaticn, the process of preparing persons for tha more com-
plicoted and sophisticated economic roles they would play in a
more industriafized society.?

Harbison observes that “for analytical purposes it is necessary to have
some definition in terms of both occupations and educational levels” if
human resource development plans are to integrate educational and eco-
nomic planning.* In this country, a recently developed publication, [ointly
sponscred by the Office of Education and Monpower Administration, pra-
vides educational plonners and manpower analysts a method for linking
the Office of Education Classification System and the Dictionary of Occupa-
tional Titles Clossification and Code. The intent of the document is described
in the foreword which states:

The joint education and manpower responsibilities of the Deport-
ment of Health, Education and Welfare and the Department of
Labor involve many common goals. . . . There has been a need
for a common occupational language that would aid the coopera-
tive efiorts of both departments in relating education and the world
of work. . . . By facilitating more efficient planning this publica-
tion should make possible more realistic matching of educational
output with occupational requirements.®

» The Pennsylvania Vocational Education Study generates manpower sup-

ply and demand dota which can be used as o guids by SDE’s to develop
futuro programs and to provide a guide for future resource allocation.® In

? Maureen Woodholl, “The Etonomics of Education,” Review of Educationcl Ressarch, 37
391; October, 1987,

*Donald P. Sonders and Peter S. Borth, “Education and Econemic Development,” Review
of Educafionol Reseorch, 38: 217; June, 1968.

* Froderkk Harblion and Charles A. Meyens, Education, Manpawer and Economic Growth:
Strategies of Humon Rerource Development, (New York: McGrow-Hill 8ook Company, 1964),
pp- 1518, Ses oo Ruwe!l C. Davis, Plonning Humon Resource Development: Edvcotionel
Models ond Schemoto, (Chicoge: Rond McNolly and Company, 1964) ond Jocob ). Kovtman
(et. ol), The Development and Utilizotion of Human Resources: A Gulde for Research, (Unl-
vaciity Park, Pennsylvonlo: The Pennsylvanio State Unievrsity, The Institute for Reseorch
on Human Retources; July, 19870, p. 47,

SU. 5. Depariment of Heolth, Educotion, and Welfare, Yocafional Edveation and Occw
potions, OF-80061, (Warkington, D. C.: Goverament Printing OfRce; July, 1969), p. v.

* Wolter M. Arnold {ed.), Vocoticnal, Technicol and Continving Education in Pennryirenia:
A Systems Approoch to Siate-locol Program Plonning, (Harrisburg: Pannsylvania Department
of Edueotion, 1949)
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this study o methodology Is developed for matching labar morket require-
ments (demand) provided by the Depariment of Labor, with the existing
output of educational institutions having occupational training progroms
(supply). A similar opproach, which attempts to estimate direcily the
manpower requirements by vocational-echnical skill categories and to pre-
vide quantitative information necded for educational planning, is autlined
by Eckaus.?

Warbrod‘s publication, which represents the most extensive review and
syntheses of the research on the economics of vocational-technical educo-
tion, cléorly indicates that the costs and benefits of occupational education
cannot be made independent of labor market considerations.® The fact that
the labor market plays a significant role in research on the costs and benefits
of vocational education appears in some more recent studies. For exaomple,
Hu compares the benefits of vocational and nonvocational education at the
secondory level.’ The criterion variable of this investigation is the labor
market perfurmance of noncollege graduates. Kraft in his conclusion about
vocationa! education expenditures notes:

The author is a firm odvocate of manpower plonning ond the
rational adaoption of our system of education and training to the
needs of the economic system. M seems absurd to Invest, annually,
more than 40 billion In human capital without asking whether, from
an economic standpoint, this money could not be ailocated more
efficiently. (Needless 1o say we do not want to be interpreted as
asserting that the only criterion to be used Is the investment or
productivity criterion. But it Is obvious that unless the economic
impact of education is to be given no weight at all, some form of
manpower planning is both desiroble and inevitable. )1

Kotz, summarizing the results of the famous U. S. Office of Education
sponsored Airlie House conference, notes:

The economic analysis of monpower demand and supply, in-
cluding projections and their validity, is of great importance to
vocotional educators. . . . Among other lobor market considera-

TR. $. Eckaus, “Economic Criterla for Education and Trolning,” Review of Economics ond
Statistics, 48: 183-184; May, 1964,

¥ ), Robert Worbrod, Review ond Synthesis of Ressorch uvn the Economics of Vocofionol
Education, (Columbus: The Center for Yocatiora)-Technical Education, The Ohio State Unl-
venslty, 1967).

* Teh-wel Mo, Jocob Kovfman, Maw Line Lea and Ermst W. Stromsdarfer, A Cosl-Effective-
ness Study of Vocotional Educetion: A Comporison of Yacotional ond Nonvocotionol Educotion
in Secondory Scheoks, (Untvenity Pork, Pennsylvonio: The Penniyivonia State University,
Intitvte for Keveorck on Human Resourems; February, 1949).

Y aichard . Krofs, Cost Effectivenass: Anolysis of YocationolTechnicol Educotion Pro-
groms, Florida State Department of Education, Final Report, Project No. 569-124, (Tol'ahosses,
Florida: The Florida Stote Univenity, Department of Educational Administrotion, Educationol
Systems ond Plannlng Center; July, 1989), p. 116.
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fions, the educalar must be concerned with trends in employment

by occupational cotegories and by job family, skill requirements,

the relationship between filled jobs and job vaconcies as forecasts

for the state or major metropclitan area, and the size of the exist.

ing work force to meet the demond 1t
Based on the stotements from the existing literature, it should be clear
that the manpower supply and demand relationship in the labor force is
a valid criterion which can be used os one measure io test the economic
efficiency of the SDE's policy for resource ofiocation of public funds to
loca! schoo!l districts.12

2.2 Theoretical Criterion for Optimum Allocation of Public Expenditures for
Education
In a recent study where the theory of public expenditures for education
is examined, Hu sets forth two ussumptions that should govern the com-
parisons of alternate expenditures within the educational system. The first
slates:

A basic aszumption din economics is that goods are scorce and
that consumers prefer to have mcre goods than less. Thercfore,
it is generally desirable to employ resources in thoss uses where
they have the highest productivity,

Givan the total amount of resources available for public edu-
cation, it i relevant 1o determine tha optimum allocation of ax-
penditures o different programs such as vocational-technicol
education and accdemic education.®

Second, he assumes “that the goal of goveriment programs Is fo
maximize the social welfare.”!! Uiing these assumptions he develops o
theorefical criterion for measuring resource allocatio- - This criterion, based
on the theory of marginal onalysis, is briefly oullir_d below.’s

T Arnold Kotz, “Molor R dation and Conclusions,” in Arnald Ketr (8d.), Occu-
potionol Edueation: Plonning ond Progromming, Yolume Ons, (Menlo Park, Calitornla: Stan.
ford Reseorch institute; Septembar, 1967), p. 23,

M This Investigetion fs concornsd with resource ollocation ot the state Jevel. The economic
sficiency of resource allocatian ot the federal level olso wtilizes monpower tritecta. This
position ks eloarly soted in Lecucrd A. Lechy, Manpower Requirements far Notional Objectives
in the 1970s, (Weshington, D. C.i Noticnal Planning Awodlatien, Center for Prlority Anolysh,
1988},

YHu (o). ol), op. ity p. 11,
M, p. 12,

“The discussion thot follows cin aho be found in mos? elementary economic texts. For
sxomple, see the reotmen) of ma.ginal anolysls ond theorems an resource oflocation faund
In Williom . Boumol, Economic Fheory ond Operotions Anolysis, (Englewood Cliffs, New
dersey: Prentics Hali, Inc., 1963), pp. 21-40.
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The cocial welfare funetion, with-respect to differeat government
progroms, mey be written in the form:

{1 - W= w(gh 920 + o o Gn)

where W is the social welfare {or it can be dencled as social benefits)
ond the g's represent the output of different government programs.
The moximization of function (1) is subject to the constraint of the
government budgat, namaly

n
@ B=2 (o + gy

where a; is the fixed cost of the ith government program, ¢ is the
marginal cost of the ith government program, ond B is the total
government revenue.

The Lagrangian multiplier technique is used to solve the maxi-
mization proble., that is:

n
()] wtgl.gz.---.gn)—k[ z (a:+cum)—5] =0

where X is the Lograngian multiplier. Differentioting this expression
with respect 1o g leaves

(4) wi—Aeg =0
ow
where w = ——— is the marginal benefit of the ith program.
39|

From this it follows that

Wi (<1
(5) -_—= ('.|=‘-|,2....,n)
w (4]
and also thah
Wy
© — =X
&

Thus, in equilibrium, os shown in equation (5), the maximizaticn of
social benefits Is achieved if the ratio of marginol benefit in tils
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example of two government progroms is equol to the ratio of the
marginal cost of these programs; that is, the morginal benefit is pro-
portional to the marginal cost,

The theoretical criterion which governs models built for optimum alloco-
tion of educalional funds is clear-cut. In the model 10 be built for the
SDE's, the g/'s represent the output of graduates from various vocationol-
technical education programs.

2.3 Monpower Models in Educational Plonning

Davis notes that various points of departure are possible for building
humon resource development planning models.® These are:

). Depariure from ‘o set of politizal, cultural or social gools which state
that some specific portion of the population hos a right to some specified
amount of education and training.

2, Departure from estimutes of the resources (human and fiscal) available
for assignment to education and training so that returns are maximized.

3. Departure from a set of human resource requirements or fargets in
the work force. The objective Is to equal or exceed the targets with allo-
cations minimized.1?

This investigation builds o model hich is based on the human resource
requirement approach outfined in (3) above. In the following section, the
manpower-requirement approach s briefly described and is followed by a
review of the existirng educational planning models based on this approach,

THE MANPOWER-REQUIREMENTS APPROACH

Parnes briefly describes the manpower.requirements approach as fallaws:

An attemp! is made to foresee the future occupational shucture
of the ecanomy and 1o plan the educational system so as to pro-
vide the requisite number of personne! with the qualifications which
that structure demands.}®
In o similar manner Kraft outlines a strategy for educational planning
based on the manpower-requirements approach cansisting of the following
steps:

1. A caleulation of the future occupational structure of the labor Force.

M Devis, op. o, p. 137.
Y 1bid,

¥ Herbert S. Parnes, Forecorting Educetionol Needs for Ecomomic Develcoment, (Poris:
The Orgonliation for Economic Cooperction ond Development, 1962), p. 15,

4
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2. The tronslotion of the labor requirements by occupational categories
into requirements by educationo] qualification 1?
More detalled ouHines of the methodology of the manpower-requirements

approach have been offered by Benson,?® Goldstein2! Parnes?? and
Harbison,2®

The important note to be extracted from any outline of the manpower
opproach is that it provides the educational planner with (1) estimates of
the required additions to the labor force during the planning period ond
(2) for each occupational category of the labor market estimates there ex-
ists an educotional program. This provides the basis for indicating the
required outputs (groduates) during the planning period, which in turn per-
mits the calcvlation of required enrollments, teacher requirements and
needed educational plant and equipment.

A common criticism of the monpower approach Is that there currently
exists a poor rationale that underlies the fitting of educational preparation
to occupotional requirements in the work force. In the United States this
problem need no longer exist for vocationol education planners. A common
occupational language for the Department of Labor and the Depariment of
Health, Education, and Welfare is currently availoble.2t

A second criticism of the manpower approach to educational planning is
that it focuses exclusively on economic criterio. In this regard Parnes noves:

To be sure the “manpower requirements opproach” alone cannot
answer the question “how much education is needed,” but it pro-
vides useful guides to the desirable structure of whatever educa-
tional expenditura s decided upon.?s

* Richard H. Kraf), “Inter-Firm Correlotions: The Contribution of Edueationally-Heavy In-
puts bo Increasing Profitobility,” in Richard H. Kraft (ed.), Educotion ond Economic Growth:
Procesdings of the First Annval Confersnce on the Economics of Education, (Tallohasses,
Florida: The Educotionol Syslems Development Canter, The Florida Stole Univenity, 1948),
p. 123,

*® Chorles S. Benson, Fhe Ecoromics of Public Educetion, Second Edition, (Botton: Hovghion
Mifiin Company, 1968), pp. 67°75.

B Horold Goldstein, “Munpower Requirements ond Educational Organiation” In Or-
ganization for Economlc Cooperation and Development, Organizationol Problems in Plonning
Educationol Development, (Pocks: OFECD, 1943), pp. 3749.

B Herbert S. Pornes, “Assassing the Educotionol Needs of o Nation,” In Don Adams
(sd.), Edueations! Plonaing, (Syrocvie: Syracuse Untvenity Press, School of Education, 1884),
pp. 3534,

® Frederick Horblion, “Human Resource Assessments,” in Urited Mations, Educotiend,
Scientific ond Cultvrol Organizotion, Economic ond Sociel Aspectr of Educotionol Planning,
(Parls: UNESCO, 19643, pp. 110119,

% Sos footnote 5 ond the discvision which preceded it.

® Parnes (1962), op, cit., p. 15, Seq olso Pornes (1984), op. cil., pp. 56-60, for on extended
discussion of tha volue of tha monpower opprooch and how it interochs with whot he calls
the “eubwral opprooch.”
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Kroft suggests that the manpower criterion con be a significant but not
exclusive factor in planning human resource development,?® Burkhead notes
"specific gools for a state’s vocatioral education program, for example,
can be outlined and these can be related to manpower requirements and
needs for identifiable skills for several years ohead.”*7 Finally, Culbertson,
discussing educational planning based upon manpower requirements, men-
tions, “the planning techniques developed and used by economists in de-
veloping notions have utility in developed notions—especially in relation
to vocotional education.?8 Hance, the literature shows that the manpower-
requirements approach can bu effectively utilized as a criferion to deter-
mine educational resource ollocation policy af the state level.

OPTIMIZATION MODELS IN MANPOWER PLANNING

Given the lobor market needs expressed in terms of educalional require-
ments, Davis shows thot the problem can be expressed in a lineor pro-
gramming framework.?® He also demonstrater thot the model can be
developed to yield problems amenable o linear programming in static and
dynamic situabions.3% In either case, the linear programming model will
yield optimal solutions for educationa! enroliments which are based on
labor market requirements. Davis suggests that linear progromming models
can assist education planners In formulating o resource allocation policy;
however, the optimization models do not provide a substitute for other neces-
sary kinds of empirical anolysis. For example, his mode!s do not consider
the existing school copacities and teacher requirements necessary ta imple-
ment the outcomes suggested by the optimum enrollment solution.

Chirikos and Wheeler, reviewing the use of manpower models in educa-
tional plonning, note thot:
The view of an educationo! system as a set of input-cutput or
production relotionships which can be cantrolled in a way that will

optimize the use of scarce educational resources Is almost antirely
a consequence of recent interest in educational planning,3!

® Sea Kroft's statemant previovily quoted and referenced in footnote 10 of this che ter.

T lene Burkheod, Public School Finonce: Econsmbes ond Politics, (Sytacuse:  Syrocwse
Unlvarsity Press, 1964}, p. 384.

® Jock Culbertson, “State Plonning for Fdutation,” In £dgor L. Morphet pnd Chorles O.
Ryon (eds.), Designing Educotion lor the Fudurs: Plenning and Efecting Needed Changes in
Education, (New York: Cltation Prew, 1967), pp. 278-279,

® Dovls, op. et 9. 20.

* Davhs, op. cif, pp. 160-162. See ohe Rusell G. Davis, “On the Development of Edu-
tational Mlanning Models of Harvard, CSED: An \Ugebrole Mistory of Activity in One Smoll
Place,” ta Kraht (1980), op. i, pp. 42-84.

" Thomos N. Chirikor and A. C. Wheeler, “Concophr and Techniques of Educationsl Plon-
nlng,” Review of Edvcationol Ressarch, 34: 284-276; June, 1968,
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One of the first attempts to deal with manpower models in educotianal
planning is the Tinbergen-Bos-Correa model. This is outlined by Correa and
Tinbergen®? and the Organization for Economic Corporation and Develop-
ment (OECD).B3 Chirikos and Wheeler provide an abstract of the model
which states:

Built an simple input-output principles, the basic model is a set

of six lineor difference equations which relate the operation of the

i educational system to vorious types of educated manpawer re-

i quired to produce a given level of gross output. The aggregate

nature of the model, in oddition to the fact that it eliminates the

intermediate step of estimating occupational seeds by relating

fixed proportions of educated marpower directly to output, is an
obvious limitation in its usefulness to educational planners.3t

Vyhile this mode! does not directly refect the environment and constraints
of the problem in this investigation, it serves os o guide to show that the
input-output method con be used to assess educational policy options. ;

Other atiempts to use linear programming techniques for assessing edu-
cational pelicy options include the work of Adelman,3® Bawles,®® Galladay,®
and Schiefelbein®® The objective functions of these models are used to
maximize the gross output {subject to linear constraints) ta test alternative
educational and economic strategies at the national level for Argenting,
Nigeria, Morocco and Chile. National educational requirements and the
organizatiotal properties of the various couniries represented in these
studies are not identical to the similar educational requirements ond prop-
erties of o state in this country. However, these studies show that linear
programming techniques cun be effeciively used by educational policy
makers to determine resource allocation strategies based on manpower
criteria.®¢

" Hector Correa ond Jon Tinbs:igen, “Quantitelive Adoptotion of Education to Accalercted
Growth,” Kyklos, 15: 776-786, 1982,
® Organizotion For Economlc Cooperation ond Development, Economeiric Modalr of Edu-
cotion: Some Applications, {Paris: OECD, 1943).
® Chirtkos and Wheeler, op. &t p. 270.
* frma Adelman, “A linsar Prog ing Mode! of Educotioncl Planning: A Cose Study
of Argentine.” in Irma Adelmon and Erik Thorbecke {eds.), The Theory and Design of € o
nomjc Derelopment, (BaYtimers: Johns Hopkins Press, 1984).
¥ Somuel $. Bowles, “The Efficlent Allocation of Recources In Education,” Querferty Journol
of Economics, B1: 189:-2i9; Moy, 1967,
" fraderick L. Galloday, A Dynamic Lineor Progromming Model for Educationel Planning
with Application to Marocce,” (Doctorol Dissertolian, Northwestern Unlversitys Avgust, 1968),
* Ernesto Schisfelbein, “A Medel for Auenilng the Quontitative Resubs of Alterrote Edu-
cations! Policies,” (Doctorol Dixzeitalion, Marvard University, 196%). The model In sthi dis- X
serfatien bs reviewed 1n Davis (1968), op. .*  pp. 49-60. :
® The recder moy now with to ogoin refer to Culberhon’s comment on the potentiol i
opplication of the monpower planning modeh for developing couniries to vototionol edv-
cotion 1n this country, Ses footnote 28 in this choptar.
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Chance shows conceptuolly how o general model (linear programming)
employing occupational output coefficients on the demand side and o
Markav chain on the educc’on or supply side can be manipulated to pro-
duce consistent econcinic and education policies.®® Correc shows that linear
programming techniques can be used by educational planners to deal with
policy decisicns relating 10 enrollment policy, financial resources, and the
problem of tie odaptation of the educational system to socio-economic
development. 4!

The resvlts of the survey conducted in this investigation (see Section 1.3)
show that no SDF's are currently using this approach. Bruno, however,
demonstrales Khat a linear programming model can be used to determine
optimal resorrce ollocation strategies for a foundation type stote support
program.42 Commenting on the value of the linear programming tech-
riques, he notes: “The important contribution of this approach is thot it
realistically places 1he problem of education finance in a system consfrained
by pdlitical, sociol and ~canomic considerations.”#*

Judy*'* and Koenig*® observe that one of the greatest values of optimizing
models is not so much that it shows the specific solution 1o o particulor
problem with particulor numbers, as thot within a given conceptual frame-
work, ¥ defines what can and cannot be done. Hence, aptmizotion models
{and the one which this study builds is no exception} can give information
which permits the decision-maker himself to be much clearer about the
implicotions of different alternatives. Clearly, in the mode! of this study,
the decision-maker is ultimately the State Board of Education.

2.4 Summary

The purpose of this chapter has been to review the literature relating
Yo the opplication of optimization models of manpower plonning to educo-

“W. A, Chonce, "long-Term Lobor Requirements and Qutpuvt of the Educationol System,”
Savthern Economics Jovrnol, 32: 4V7429; April, 1966,

“ Mector Correo, A Survey of Mothamoticol Models in Educationc! Planaing,” in Organl
1aticn for Economic Cooperotion and Development, Mothemotical Modsls in Educetional
Planning, (Porls: OQECD, 1987).

4 James E. Bruno, “A Mothemoticol Progromiing Approach 1o School System Finonce,”
Socio-Economic Planning Science, 3: 1:12; 1949,

Biid, p. V. See oho a similor discussion Tn Jomes E. Bruno, “An Alternative te the Use
of Simplistic formulos for Oetermining Stote Rerource Allocotion In School Finonce Pro-
groms,” Americon Educationol Research Journof, 6 479.500; November, 1949,

" Richord W. Judy, “Simulation ond Rationol Resourca Allocotion in Univenities,” in
Orgonirotion for Economic Cooperotien end Development, Efficiency in Rerourre Utilizotion
in Education, (Poris: OECD, 1969}, pp. 255-285.

“ M. O. Keeney, H. E. Kounig ond R. Zemock, “Stade Spoce Madels of Educations! Intitv-
Hem,” In Orgonizofion for Economie Cooperntion ond Development (1947, op. cit, pp. #P-
135,
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tional resource allocation policies ot state level. In Section 2.1 it has been
shown that o supply-demand criterion can and should be utilized in
vocational-technicol education policy plans af the stote level. In Section 2.2
o theoretical criterion that should govern the efficient allocation of public
expenditures for education has been explained. Secfion 2.3 contains the
important concepts of the manpower-requirements approach and shows
various mathematicol models that can be used to determine the efficient
allocation of resources given the labor market demands expressed in terms
of specific educationol programs.

The resvlts of this review indicate that linear progromming can be of
important proctical value to educational planners for designing a state-level
policy obout the efficient resource allocation of vocationol-technical educo-
fion funds 1o local school systems. In the following chopter the resource
cllocation model is presented.

(N




O

ERIC

Aruitoxt provided by Eic:

Chapter Three
The Educational Planning Model

In this chapter the mathematicol planning model is presented. W is
designed to provide the decision-maker, the Stote Board of Education, with
new information to evaluate decisions about the efficient ollocation of
vocational-technical education funds based on ‘a supply-demand criterion.
In the mode, the stote edv:akion system is viewed as o sat of input-output
or production relationships which can be designed so that the use of
vocational-technical funds wili be optimized. Alfernative funding policies
are examined and in each case the net outpul of future graduates is deter-
mined. Finally, from a set of feasible solutions, an optimal solution is
selected to maximize the outpul of vocationol-technical education grodu-
otes. This optimal solution is derived using linear programming techniques,

The resources to be allocated by the SDE in this model are vocational-
technical educotion funds which are given 1o local school districts to defray
the additional costs of vocational programs. The funds allocated to each
school are based on a specific amount per student. These omounts, olthough
fixed for students matriculating in a given vocational-technical education
progrom, may vary omong different programs.

The model is built 1o operate on a specific set of vocational-technical
educalion programs within a lobor market area (LMA). Hence, future ref-
erencas to {nputs and outputs apply to funds allocated fo and students
enrolled in programs which are physically located in one LMA. The plon-
ning period for the model is three yeors ond the vocational-technicol edu-
cation programs require two academic years to complete.!

1deally, the model should be run during the operation of the base (first)
year when the acquisition of the data necessary for estimating the output of
graduates for the entire plonning period is available. The model! can be
viilized following the completion of the base year; however, this will de-
crease the time for formulating policy decisions about future progrom
operations.

Solutions from the model require the completion of two phases. These
are briefly outlined below.

! Althovgh the medel Is currently applied to programi requirlag two ocademie yours fo
complete, it could wotily be opplied to progroms requirlap more or less formal tralning.

k)
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Phase One provides the information necessary to colculate the parameters
for the linear progromming model. First, supply ond demand projections
for each year in the planning period must be determined. Using these pro-
jections, a supply-demand posture is derived. This posture indicates the
LMA demands not satisfied when current vocationa!-technical program levels
(enrollment trends) are unchanged for the second ond third yeor of the
plonning perlod,

Phase Two Involves the actual operation of the linear programming model.
Using the results of phose one, the linear progromming model is set forth
and solutions are generated. These solutions provide the State Board of
Education with new information on the olternate funding policies they could
implement during the second and third (final) years of the planning period.
Following the linear programming solutions, a formula for allocating
vocotional-fechnical  education funds to individual school districts s
described.

3.0 Phase One: The Supply-Demand Posture

Focusing on the output of the educational system (graduates), o supply-
demand posture for a specific vocational-technical education program ot
the close of the third year of the planning peried con be expressed as:

A+8B4C=D m

where
A = the output of graduates from the public schools for the three-
year planning period.
8 — the output of graduates from all other types of troining institutions
for the three-year planning peried.
€ = the vnsatisfied LMA demand.
D = the LMA demand for trained graduates in the three-year period.

This equation states that the demand for vocational graduates from a spe-
cific vocational program in the LMA for o given number of years can be
described in terms of sotished and unsatisfied demands. The total of A
and B in (1) represents the satisfied demand. Further, A represents the
number of graduates wha receive vocational-technical education funds from
the SDE while B represents the number of groduotes who are not stbsidized
with these funds. In general, graduates refiected in B cannot be controlled

by the SDE.
The entire set of statistics necessary to complete (1) would not be available

until the termination of the planning period. For example, public school
graduates in the final yeor of the planning period do not begin their train-
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ing until the second year of the three-year period. Hence, as in ofl long-
range planning, projections of graduates for future years are calculated to
provide the decision-moker with some estimates of the future performonce
of the system.

Outiined below is o method for generating projectians to substitute in
(1), the supply-demand posture. The projections are made in the initial
year of the planning period and are based on existing enrollments.

SUPPLY ESTIMATES

The output of graduates from all types of educational institutions in the
LMA con be expressed in terms of y2arly supply estimates. Let

Yi (2)
1

I e

- n
A = z
ond

8
B = z 2yt (3)

I} me

where

A’ = on estimate of A from (1) above derived in the first year
of the planning period.

B’ == an estimote of B from (1) obove derived in the first year
of the planning period.

’

yp = the public school output from county | in the year 1.

2. = the output of graduates from school type k in the year 1.

i = 1,2 ... n(corresponding to the number of counties
in the LMA).

t = 1,2 3 (corresponding to each year in the planning
period).

¥k = 1,2 ... 8 (corresponding to types of educational

organizations other than the public choo! that provide
trained graduates for the LMA),

The values for k in (3) are defined such that

1 = Community Colleges.

2 = Private Business Schools.

3 = Private Trade and Technical Schools.
4 = State Trade and Technical Schools.
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5 = Manpower Devalopment Training Act Progroms.
6 = State Retraining Act Programs,

7 = Two-Year Progroms in Colleges and Universities.
8 — Privote Junior Calleges

"The values for yj;1 ond yj2 con be estimated using the existing doto in
the base year such that

Yn = en ¥'n @
and ’
v = f y"n &)
where
y’n = the graduating students in county | enrolled during the
base year of data collection.
y’n = the first yeor students in county j enrolled durina the
base year,
ey = the percentage of students in county j wha will graduate
in the base year.
fz = the percentage of students in county j wha will graduate

in the second year.

Further, it is assumed that graduates in the final year of the planalng
period do not Increase beyond the level reflected by yg2. In this case,
yis = yg for oll |.

The values for zxy can be determined using stotistics on graduates from
the year prior to the planning period. Let

e = (1 + p)*? 2y 1y (4

where py == the annual rate of change in the output from school type k.

The estimotes in (8) provide information on the number of LMA demands
thot have been satisfied by other troining cgencies. Thus, the supply-
demand posture is based on the cancept that each educational institution
in the LMA con simultoneously moke a significant contribution in the areo
of occupational troining.

DEMAND ESTIMATZ

In o similor manner the demand for occupotionally frained graduates
can bo expressed in terms of cnnual demands, Let

3
D= p D
t=1
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where D; = the LMA demand for trained graduates in the year t. The
data for D; is usually published by the State Department of Labor and
Industry. The methodology for linking labor market data and vocational-
technical education programs has been discussed in Section 2.1 of Chapter
Two.

THE SUPPLY-DEMAND POSTURE

Using the format set forth in (1) and the estimates described above, @
supply-demand posture for the planning period can he described by (8)
below. In this case .

AN+ ¥+ C =D ®

where C’ = an estimate of C from (1). Note C’ = D — (A’ 4+ B’). This
posture indicates the LMA demands that would be satisfied as well as the
demand unmet if the current vocational-technical program levels (enroll-
ment and graduate trends) remained unchanged for the se~nd and third
years of the ptanning period.

In (8) it is assumed that all graduates enter directly in the LMA vpon
completion of their training. This Is known to be a tenuous assumption.
It has been documented, for example, that high school graduates from
vocational education programs offen enter the armed forces upon com-
pletion of their secondary program or that some graduates go directly into
postsecondary training institutions.

A* and 8* are formed bslow to reflect the actual number of graduates
who enter directly Into the labor force upon the completon of their voca-
tional-technical education program. let

A* = aA’ ®
and
B* — bb’ (10)
where
A* = the output of graduates from the public school who entur

the LMA upon the completion of their vocational training.

B* = the output of graduotes from all other types of training
Institutions who enter the LMA upon completion of their
vocational training.

@ = the percentage of .\’ who enter the LMA immediately
following their training.

b = the percentage of B’ who enter the LMA immediately
following their training.

¥ |




ERIC

Aruitoxt provided by Eic:

—

Using A* ond B*, (8) can be cdjusted to reflect the actual participation
of vocational-technical education in tie labor force. Let

A* 4B 4Ct=D . - - QD

where C* = the unmet labor market demands. Note C* = D~ (A* 4 B*).

In oddition to the output represented by A*, the SDE may also use
vocafionol-technical education funds to encourage public schools to pro-
duce additional graduates that reduce the unsotisfied demonds expressed
by C. Following this approach, the public school output for the three-
year planning peried could include additionol gradustes who would stort
their tzaining in the second year ond complete their training in the third
(final) year of the plonning period. This is shown in (12).

n
F=A*4+c¢ 2 x (12)
=1 P . -
where
f = the potential output of graduates from the public schools
who enter the LMA upon completion of their vocational
. training.
x; = the additionol number of graduates In county | which the
SDE would be willing to support.
¢ = the percentage of additional groduates who enter the

LMA immedialely following their training.

Since present research on the enrollments of public school vocotional-
sechnicol education programs indicates that enrollments in existing programs
ore Increasing and the number of new programs are growing, the model
developed here focuses on providing the SDE with new knowledge obout
the potential oddifional output of graduates thot the SDE con support.?
A* and x; from (12) obove can be viewed as a parameter and o variable
respectively In the linear progromming model which follows In the next
section. - :

The moximum number of additional graduates that the SDE would be
willing 1o support In the LMA can be controlled so that C, the unmet demand,
Is not exceaded. Let

Tpor example 309 Michosl Rusio, “14 Million Vocational Students by 1975, Americon
Edocation, 5: 10-11; March, 1969, He show that earofiments in vocationol programs [n-
crecsed from 349,000 In 1964 to an wmtimated 0.2 milkion in 1968 and will conlinse to
rise 1o an sstimoted enrollment of 14 millien by 1975,

3
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n
0 2 x5<d (xy > 0 for all 13
=1 = =

ond

d = gC* @ > 10 04

d = the unmet LMA demands expressed in terms of the number
of graduates necessary to generats C graduates who will
enter the LMA upon completion of their vocational training.

g = the percentage of graduates necessary to train in order
that C graduates will enter the LMA upon completion of
their training. (Note: If it is assumed that.-all additional
graduates enter the LMA when their training is completed,
then g = 1.0).

In effect, (12) and (13) now restrict the potential additionot enrolln 1t in
the occupational program so that each output from the public schools
satisfies o LMA demund that no other educational organization sotisfies.

In a similar fashion the equations developed in (1) through (14) can be
derived from different vocational-technical education programs. The follow-
ing set of equations would then summarize these octivities in phase one.

A+ B+ C=D 0%
n 3 4
A‘] = 2 2 Yug (16)
i=11t=1
¥ % % )
I—k=|f=lzm o
Yo = e Yin g (18)
Cye = b Y . 9
Ing = (l + pn)"" Iy, t-1 (20)
3
D = Z Dy . Vi)
t=1
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"+ B+ C =D (22)

A*g = G]A‘ (23)
B*; = bp’ (24}
A* + B + CH =D (25)
n
F=A4Y4+ ¢ = x (26)
j=:1
n
0< T xy < d; (xy > 0 for all 1 and j) @n
4 = @ C* (g > 1.0 for all i) (28)
whee
A the public school output in program i for the three-year
planning period.
B the output of other educational institutions in program i
for the three-year planning period.
C; the unsotisfied demand for trained graduates in progrom
I.
O, the LMA demand for trained graduates in program i
for the three-year planning period.
Al an estimate of A; derived in the first year of the planning
peried, '
B, an estimate of B, derived in the finnt year of the planning
period.
Yt the public school cutput in program | from county | in
the year t.
T the output in program | from school type k in the
year 1.
Y ths enrollment of termine! year students in program |
in county j during ths base (firnt) year.
Y'us the enrofllment of Frst yeor students in progrom i In
county | during the base yeor,
o the percentage of students in program 1 in county j who
will graduate in the base year.
fua the percentage of students in program i in county | who

will groduate in the second year.
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The information in (15) through (2€) provides the inpu! data necessary
to construct the linear programming model. The variobles in this model
will be the x;s discussed in (26) through (28). Each d; in (28) provides the
necessary data to formulate cne of the | labor market area constraints
in the model.

The optimal solution ta the linear programming model Is defined as Z*
such that

the annual rate of change in the output in program i
from school type k.

the LA demond for trained graduotes from progrem |
in the yeor 1.

the public school output who enter the LMA upon com-
pletion of their vocational training.

the output from alf other k type institufions who enter
the LMA upon completion of their vocational training.

the percentage of A’y who enter the LMA following their
training.
the percentage of B’ who enter the LMA following their
training.

the potenfial output from the public school in program i
who will enter the LMA upon completion of their fraining.

the addifional output in program i which the SDE would
be willing to support.

the percentage of additiona! output in progrom i who
enter the LMA folowing their training.

the unmet LMA demands for progrom i expressed in
terms of the number of graduates necessary to generate
C graduates who will enter the LMA upon completion
of their vocational training.

the percentage of graduates necessary to train in pro-
grom i in order thot C graduotes will enter the LMA
upon completion of their training. (Note: If it is assumed
that all odditional graduates enter the LMA when their
training is completed, g; = 1.0.)

1,2, ... m (vocational-technical education programs).

1, 2, . .., n (corresponding to the number of counties
in the LMA).

1,2, ... 8 (corresponding to the types of educational
orgonizations other than the public school that provide
trained graduates in the LMA).

1, 2, 3 (corresponding to each yeor in the plonning
period).

45




s Ty

5 A i)

T

LR

Aruitoxt provided by Eic

I* =

x*y (29

Il M3
I} M

1

where x*;; = the optimal leve! for the variable x;; in the solution set and
Z* is a scalar representing the sum cf the additional number of graduates
for the optimal leve! of each activity in the model,

The daki necesscry to complete {15) through (28) can be found in the
existing statistical records kept by the SDE's. The one exception to this
generalization might be the LMA demands projected by occupational cate-
gories. Since the U, S. Office of Educatian guidelines for vocetional educa-
tion state plans require SDE’s to assemble this type of labor force in the
coming years, all states will soon have the dota necessory to operote the
linear programming model in phase two3

32 Phase Two: The Llinear Programming Model

The purpose of developing a linear programming model in this phase is
to cenerate an optimol solutian for an objective function given information
on (1) the unmet demands of te LMA, (2) constraints on the existing addi-
tional copacity of the public schnols, and (3) ¢ set of budget constraints.
The solution of the model can then be presented to the State Board of
Education Yo use as new informaki *n about olternative actions the Board
can use to determine fulure resource . scaFon poficies. In this case, the
model is based on o st.pply-demand «riterion and it is indicative of the
models generated by the manpower-rccuirement approach used by human
resource development planners.

The linear progromming model can be solved using the IB/A 360 MPS
mathematical programming a'gorithm. This package or a similar one Is
avoilable in most computer centers. The averoge compuler time for obtoin-
ing the initial optimal solution as well as other optimal solutions resulting
from parometerization of selected variables should be less than two cr
three minutes.

THE OBJECTIVE FUNCTION

The objective function in this investigation is linear ond is based on the
question posed by the State Boord of Education, which is:

1for axomple, the Yocotional Edurotion Amendments of 1968 awthorize the Commisstoner
of Education 1o transfer lo the Sectretary of Labor an amount not o exceed $3 million In
ony fiscal yoor to fincnce nolenal, raglanal, svote and Yocal stvdies providing profections
of occupctions! manpowsr needs. This informotion will be for vse in vecotiono]l sducation
plonning and for the guidance of federcl, stote ond focal offictels and odvhory councih
responsible for implementing of this legislation.

40
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How can the SDE most efficiently ollocate o fixed level of
vocational-technical education funds (input) to the public schools
so that the output of groduates from these vocational programs
ot the local level make the most significant contribution toward
reducing the existing demands of the lobor market?

Since the model is bosed on o sunply-demand criterion, it is assumed thot
the most significont contribution the public schools can make is to produce
the maximum number of graduates (output) which will satisfy demands in
the LMA not satisfied by any other education institution. Hence, the objec-
five function in (30) is Aesigned 1o maximize the number of additional
groduates that the public school can produce in the m different occupational

progroms.

m n
Moximize 2= 3 Z oxy (30}
i=1j=1 .
where
xy = the output in program i from county |.
i = 1,2,... m (vocational-technicol education programs).

i 1, 2, ... n (counties in the LMA).

First, xy represents the output of additional students which the SDE
would be willing to support. These are represented by the output vector
Z* found In (29). Second, these additional students would begin their
vocational progrom at the start of the second year and complete their
occupational training in the third year of the planning period.

I

THE CONSTRAINTS

In mathematical programming language, the constraints may be viewed
as equations or inequalities that restrict the set of values the decision vari-
ables may assume. This restricted set of values forms the region of feasibil-
ity. In a nontechnicol sense constraints are mathematical formulations of
ervironmental conditions which place limitations on the set of olternate
decisions avoiloble to the decision-moker. In this model, three genercl
categories of constroints are formulated. There are LMA constroints, public
school constraints and SDE consteaints,

LABOR MARKET AREA CONSTRAINTS

The LMA constraints are based on the supply-demand information calcu-
lated in phate one. Using the di's from (28) obove, the constraints are
formed below.
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Xusd[ i:l,2,...,m. (3')

These m inequalities insure that the additional output from the public schoo)

does not exceed the unsatisfied demands of the LMA for each of the m
occupations in the model.

SCHOOL CAPACITY CONSTRAINTS

The varigbles in this model are the set of oll x; which represent the
additional output of graduates thot the SDE would be willing to support
in m different occupational progroms in each of the j counties. The j’s
represent o classification by counties rather than by school districts. This
provides the SDE greoter flexibility to investigate the effects of increasing
existing program enrollmen®s ond/or initioting new programs in *he different
occupational areas. For example, when counties are used as a basis for
plonning, more realistic parameterizotions and ranges of sensitivity analyses
can be performed to determine optimal cllocation policies based on labor
market areas. Also, areo vocational-technical schoals are usually designed
to service o large number of =chool districts within o county or a regional
area. With this trend towards larqer intermediate vnits and centralization
of resources, the county dimension becomes a more realistic basis for
planning.

The school capacity constraints developed below allow the SDE to
reflect its judgments about the future performance of the system. Capacily
constraints are expressed in ferms of the increased number of graduates
that the system should produce in various occupational programs. It is
assumed that the SDE decisions about the desired future outcomes of the
vocational education system are based an a knowledge of the cunent long-
range occupational trends in the labor force as well as updated information
on occupational programs where student requests for admission exceed the
existing level of progrom enrollments. For exomple, in this lotter case, area
vocational-techniccl schools have given participating school districts quotas
in specific occupalionol progroms. With a financiol incentive ta defray the
cost of increased enrollments, these quotas could be subsequently raised,
then more students desiring training could be accommodated.

The SDE decisions about increasing the output of graduates in m different
occupational programs con be formed as constraints, Let

v..mand
e e n (32)

-
o
NN

s

by < xy <y :
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By = my Y )

1’15 = My Yipe (34)
m
2 o< i=41L2...,n (35)
i=1 -
m
Tj =q 2 Y2 i =12...,n (36)
=1
where
iy = the minimum increase that the SDE desires in the output
of program i in county |.
Yy = the maximum increase that the SDE desires in the output
of program i in county j.
my = the minimum percentage of increase in progeam | in
county |.
n; = the moximum percentoge of increase in program i in
county |
yis = the output of program I in schaol j during the second
yeor of the plonning period (see (18} from phose ona).
T; = the moximum increose thot the SDE desires in the fotal
output of oll m progroms in county .
q; = the moximum percentage of increose for all m progroms
in county |.
Notice, if
n
Z ty < d 37

then the oppropriote LMA constraint from (31) is not binding and may be
removed from the constraint seb.

STATE 1EVEL BUDGET CONSTRAINT

Since the SDE does not have unlimited resources to finance vocotional-
technical education programs that produce additional groduates, o fixed
moximum level of vocational educotion funds that can be allocated for
this purpose must be specified. It should be nated that the fixed allacation

“See the originel quasticn posed by the Stote Board of Eduestion. Thi quesiion erks
bow the SOE con most aficiently ollocote o fixed level of funds.

2
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also ploces o limitotion on the feasible solutions that the mode! con
produce. This limitation con be put in budget consiraints such that

Il M>

h] (612,911 < H; i = I, 2, v e g m (38)
1 - ‘

where

hy = the fixed amount of vocational education funds allocated
by the SDE to the public schools in the n counties for
each odditional student enrolled in progrom i

ty = the percentage of students in program i in county |
necessory to produce the desired number of groduotes
at the completion of the two.year program (ry > 1.0
for oll i and ). -

H, = the totol omount ¢f vocationat education funds availoble
for ailocation by the SDE to the public schools to support
additional students in progrom I.

It is assumed that the hy's, the fixed ollocotion per student, would be
sufficient to defray the additionol instructional costs of the increosing
vocationo! enrollments.® The ry's are o weighting factor 1o compensate
for the differences between first-year program enrollees and the graduates
that will emerge from these enrollments following the completion of the
two-year program.

The model can be optimized for different budget constroints depending
on the values the SDE wishes to assign to each h, and H; in (38).

SUMMARY OF THE LINEAR PROGRAMMING MODEL

Given the objective funcfion and constraints outlined obove, the model
can now be solved using standard lineor programming techniques. In the
model the additionol output of the public school is maximized in such a
monner that:

1. No output from ony of the public schools in the LMA represents a
duplication of o lobor morket demand.

2. No county capacity for training odditional graduates is exceeded.

% For example, the National Educationol Finonce Profect recontly noted that the cost of
trotaing a vocationoktechnical educotion grodvate Is oppreximately 1.2 1o 1.3 the per pupil
cott In the general sducotion program. See Erick L. Undmon and Edwin L Kurih, “Dimen.
sons of Need for Vocational Educotion,” in Roe L. Johns, Kern Alexander and Richord
Roumiller (eds.), Dimensions of Educationol Need, (Gainer ilts, Florida: Nakonal Educaticaal
Finance Project, 1969), p. 130,
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budget are necessary to completely support the additional graduates in all

E
i\ 3. No vocational education funds in excess of the finad predetermined
“ i programs in the LMA,

The linec. programming model with its objective function and all of its
constraints is outlined below. :

! THE OBJECTIVE FUNCTION

m n '
Moximize = b T xy (30)
I=1j=
THE CONSTRAINTS
n ) .
b Xy < d[ (Fuf all i} (3‘)
=1 =
fu S_ X3y < f'u (for a“ i and i) (32)
m .
1 = Xg4 <T, (FOI all i) (35)
{ =1
n
E hl Fy5Xig < H| (for ﬂ“ i) (38)
=1 -
where
Xy = the oulput from program i from county |.
I = 1,2,..., m (vocational-technical education programs).
| = 1,2, ..., n (counties in the LMA),
d, = the unsatisfied demond in the LMA for graduates in
program i.
ty = the minimum increase that the SDE desires in the output
of progeam | in county |.
¥y = the moximum increase thot the SDE desires in the vutput
of progrom i in county |.
Ty = the moximum increass that the SDE desires In the total
outpyl of all m programs in counly |. ’
hy = the fixed omount of vocationel sducation funds allo-
cated by the SDE to the public schools in e n counties
for each oddirionel student enrolled in program |,
)
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ry = the percentoge of students in progrom i in caunty |
necessary to produce the desired number of graduates
ot the completion of the two-yeor progrom.

Hi = the totol omount of vocotionol educotion funds avoil-
able for ollocotion by the SDE to the public schools
to support additionol students in progrom I.

; The optimol solution 1o the lineor progromming model provides the SDE
with the moximum number of odditional future graduates from the m
occupational progroms that it can support with o fixed level of vocational
funds.

THE ALLOCATION FORMULA FOR LOCAL SCHOOL DISTRICTS

Using the solution from the model to govern the increased enroliments
authorized in progrom i for any school district in the LMA, the allocafion
of vocational education funds for the second year of the plonning period
can be calcvloted using the following equation. Let

m n
h = i b - Z (K + hl, 4+ R M) (39)
where
J, = the total omount of funds ollocoted by the SDE to school
p for the operation of all i progroms.
Kip = the terminal yecr enrollment in progrom i in school p.
L, = the odditional initial year enrollment in program i in

school p thot is outhorized 1o receive the special per
pupil allocation,

M, = the balance of the initial yeor enrollment in program 1

in school p.
hy = the existing per pupil allocation fcr progrom i.
hy = the speciol per pupil allocation for program i specified

in the budget constraint,

Unless the odditional initiol yeor enroliment exceeds the emount outhorized
by the SDE, My, should equal the combxarable initial year enrollment from
the previous year. A similar formula (ould be derived for the final yeor
of the planning period. This formula ciwld be slightly altered if the model
were run ogain in the third year of 1ie plonning period when the yeor
t = 1,2 3, 4 would be considered. Ihns is an exension of the model
ond is discussed below. . '
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3.3 Model Extensions aond Limitations

A logicol extension of the model would be to use the optimol solution
for t years of the planning peried ond run the model again for the years
2 thraugh t 4 1. In this case, it would be assumed that the optimoal
solution for the first three years is implemented. This process could be
repeated an infinite number of times. For example, in the third stage it
would be run for the years 3 through t - 2, in the fourth stoge it would
be run for the years 4 through t - 3, etc. In this manner, the performance
of the system over time con be determined during the first yeor of the
initial three-year planning period.

The model could also be operated once each year using o three-year
plonning period. 1n this cose, the supoly-demand posture for the cumulative
number of years could be used. All other data would be based on o
three-year planning period beginning with the year o and ending with the
year t + a — 1. This second extension would approximate the existing
decision-making process in the SDE's, i.e., o decision obout program
operation is made orce each year.

LIMITATIONS OF THE MODEL

Using a supply-demand posture involves motching the output of graduates
with the occupational demands of the LMA in which the training has been
completed. This raatching is r one-to-one correspondence and no mobility
factor is applied to the graduate output data. This assumes that all
graduotes who enter the labor force vpon completion of their training also
enter the LMA in which the training has been completed. While this assump-
tion does not hold for all cases, there are reasons to believe that the
absence of a mobility factor does not limit the value of the model as an
effective tool for progrom planning.

First, LMA's are geogrophic boundaries built on the basis of transportation
accessibility and labor ferce mobility. Mojor LMA’s (where o large portion
of vocational-technical education programs are conducted) usually include
more than one county. In Pennsylvania, for example, the Philadelphio and
Pittsburgh LMA's each Includs o five county area while the Harrisburg LMA
includes three. Hence, demands assembled on o LMA basis can account
for o portion of student mobility.

Second, Eninger, reporting on the follow-up of a nationwide survey of
public school vocational education graduates, notes that “the percentage
of yroduates that moved to another city to get their first job Is negligible.
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Of those who do move to other cities, the mojoriy of cases are for distonces
less thon 300 miles.”® In an onolysis of the Pennsylvanio component of
the nationwide survey, he notes that for the yeors in which the survey was
conducted “less thon six per ceht of the Pennsylvania graduates moved to
a new community for their first |ob. + i~y There is no evidence of o trend
toward increased geographic mobllny 2 ‘Bosed on his findings he asserts:

Yocationa! gradvates are not a M mobile populaiion,
Almost 95 per cent will find their first full-fime job in the city in
which they went to school. This would seem to ifply thot vocotionol
curriculum planmng is better based upon job oppbrtunity forecasts
thot are local in nature rather than nofional of even regional.®

Based on studies discussed above and similor follow-up studies indicoting
the large percentoge of vocational-technical education graduotes employed
in occupations for which they were troined, the formulation of the supply-
demand posture without a mobility factor should not limit the utility of the
analysis and the subsequent program plonning policy decisions.?

Those who intend to interpret or utilize the model should be aware of
the rationale which governs the LMA constraints and therefore ulfimotely
the solution set of the linear programming model. The LMA constraints are
based on the assumption that the ds in (31) represent LMA demands thot
no training Institution in the LMA safisfies if the existing projected levels of
student output are unchanged for the second and third yeor of the plonning

: n
period. Recall from (31) = xyy < dy for oll 1. Hence, no x*; in

i=1
the optimol solution set of the model duplicates the demonds already
assumed to be sahsﬁed by the appropriate A"l and B*; from (25) calcvlated
in phose one.

An interesting cose orises for any occupational prograom i where A% -+
8% > D; from (25) In phose one. in this case, without increasing the
public school output in the planning period, the total output of graduates

¢ Max U. Eninger, The Process ond Product of T ond ! High School Level Yocotionol Educo-
tion In the United Stotes: The Produd, (Pitsburgh, Pennsylvonie: American Enstitutes for
Reseorch; Septembar, 1945). This publicotion has no sef of poge numbers. The quole obove
con be located in the summory of Chopter 12.

T Max U. Enlager, Report oa Penniyhrenia Dalo from o Nationol FollowUp Study of Migh
School Level T ond ! Yocationo! Grodualtes, (Pithburgh, Penntylvanio: Educotionol Research
Institute; Moy, 1968), p. 26,

*ibid., p. 26.

* For ple see the ducumion on the Filowwp of vecotiono) groduotes In J. Roben
Worbeod, Review ond Synthesis of Reseorch on the Economics of Yocofionol Educofion,
{Columbus: The Center for anbonal—hdmkal Education, The Ohia State Universily, 1967),
pp. 3438,
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(including those from the public school and those from ol other training
institutions) who will enter the LMA upon campletion of their training exceeds
the LMA demond.

The decision-maker, the State Board of Education, may wish to adhere
to the policy that no increased finonciol incentive, h, from (38), should be
allocated to locol school districts who provide additional graduates in occu-
potionol progroms where the projected supply already exceeds the demand.
In this cose, the appropriote set of x;js in the objective function and iheir
corresponding constroints can be removed from the meodel, since in the
optimol solution set the comparable x* s would all be zero. This is not
to infer thot local school districts will not receive reimbursement for addi-
tionol students in that occupationol program. The standard reimbursement
h’ from (38) will be allocated to the local districh for oll enrollments not
authorized 1o receive the special finoncial incentive hy,

On the other hand, the decision-moker may not wish to b constroined
by the outputs of the other training institutions in the LMA. in this cass,
the model can easily be odapted to allow for increoses in the xy's for thot
particular occupation, The appropriote LMA constroint in (3)) can be
replaced by

n
T oxy=Q (39

where

@ = the outpul of progrom i in excess of d; which the SDE
will support with the finarzial incentive h;.

In either case above, the model can be utilized. It should be clear, how-
ever, that decisions about honoring the appropriote constraint in (31) or
the modified constraint in (39) rests ultimately with the decision-maker not
the model builder. His role is not to determine policy but rother to provide
the decision-maker with information on the performance of the system if
a particular olternative funding poiicy would be implemented.

3.4 Summory

The optimal solution for the model discussed in this chepter provides the
State Board of Education a solution to its original question as shown below,

How con the SDE most efficiently ollocate o fixed level of
vocational-technical education funds (input) to the public schools
36 that the output of graduates from these vocational progroms ot
the local level make the most significant contribution toward
reducing the existing demands of the labor market?

a9
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The model, based on o supply-demand criterion, provides new knowledge
thot the State Board of Educotion can use to determine its actual allocation
policy. Viewed in its proper perspective, the economicolly efficient pottern

i of resource allocation yielded by the model is in competition with other
allocafior plans based on noneconomic criteria, The purpose of the model
i is not to make decisions for the State Board of Education (no model makes
decisions), but rather to provide the Board with new information which can
be used to formulate decisions about the cllocation of vecational education
funds to public schools.

In the next chapler, the model is applied to a selected set of vocatipnal-
technicol education progroms in the Philodelphio, Pennsylvonia LMA. A
solution such os the one described in (29) obove will be generated.
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Chapter Four
Application of the Model in a
Pennsylvania Labor Market Area

In this chopter, the educational planning model is opplied to o Penn-
sylvania LMA, Using the procedures Jeveloped in the previous chapter and

. the appropriote data from the Philodelphic LMA, optimol solutions are
generated for o selected set of vocationol-technical progroms. The salutions
provide the SDE with new information that can be used to determine future
funding policies for public school vocatianal-technical education programs.

Using the Phifadelphia LMA in the inifia] application of the model hos
a number of advantages. These can best be seen in o few of the characier-
istics of the region.

1. This five county area has a population of 3.7 million, which is
approximately ane-third of the entire population of the Commonwealth.

2. VYocationol-technicol educatian programs In this LMA are currently
expanding ta accommodate the manpower needs in the labor force which
now exceeds 1.69 million workers.

3. This geographic area contains a significant number of comprehensive
high schools and area vocational-technical schools with vocational education
programs. For example, all school districts in the LMA operote at leost
two progroms in Business Education.

4. The LMA hos the largest concentration of postsecondary vocational-
technical education schools and programs in the Commonwealth.

5. The training institutions In the LMA provide better than 29.2 percent
of the total vocdtioncl-technical education graduates In the state.

6. Local school districts In this LMA vory in size from o smoll rural

district to o large urban district such as Philadelphio with o combined total
full-time elementary and secondary enroliment in excess of 293,000

The Philadelphia LMA contoins o labor force who are employed in five
Pennsylvanio and thres New Jeney counties. This ancalysis, however, deals
only with the supply oand demond dota for the Pennsylvania counties. Thete
are Bucks, Chester, Delaware, Monigomery and Philadelphia. This five-
county areo coincides with the geographic boundaries of the Southeastern
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Region, o subdivision of the Coiamonwealth, used by the Pennsylvania State
Plonning Board for economic planning and development.!

AN OVERVIEW OF PROGRAMS IN THE MODEL

The vocational-technical education programs included in this opplication
of the model are from the area of Business and Distributive Education.?
The total output of public school graduates in these two progrom areas
currently account Yar opproximotely:

1. 68.3 per cent of the graduates in Business and Distributive Education
programs in tha 1MA,

2. 72 percent of all public schoo] vocational-technical education gradu-
ates in the LMA,

3. 36.4 percent of the total output of vocofional-technical educafion
graduotes from all programs operating in the various training institutions
found in the LMAZ

Specifically, the model includes three instructional programs in Business
Education and one genera! category for instruction in Distributive Education.
Tn this applicatian, there are 20 variables, one for each instructional program
in each of the five counties.

The instructional programs in Business Education include:
1. Accounting Clerk and Bookkeeper (14.0101 to 14.0105).
2. General Clerical Occupations (14.0301 to 15.0303).
3. Stenogrophic and Secretarial (14.070) to 14.0703).4

Hereafter, these above will be lobeled Bookkeeping, Clerical, and Steno-
grophic, respectively.

LA description of odditional chorocteristics ond demographic 1aeasures obout this regicn
con be found in the Pennsylvonlo State Plonning Board publicotion entitled, Pennsylvonia’s
Regions: A Survey of the Commonwealth, (Horri-burg: PSPB, 1967).

3 Other subdivisions of vocotionol-technicol educotion progroms in Pennsylvonlo Include
Agriculturg!, Technicol, Trode ond Industeiol, Heolth ond Home E:zonomics Edvcotion. These
ore exploined in Woller M. Arnold {ad.), Yocationol, Technicol ond Continving Edveotion in
Pennsylranio: A Systems Approoch fo Stote-docol Program Plonning. (Horrisburg: Pennsyl-
vonla Dsportment of Ecucotion, 1969).

*ibid., pp. 184-188. The statistics obove were derived viing the duto published In Tobles
94 ond 95.

¢ These Instructional progroms ond their corresponding code numbers from the U. S. Office
Clossificotion Scheme con be found In Yocationol Educotion ond Ocevpations, OE-80061,
(Washington, O. C.: Government Printing Office; July, 1969). This publicotion describes the
chorocleristics of oll occupotionol programs and ollows the reseorcher to link vocotionol
edycotion progroms with the U. $. Deportment of Lobor's Dictionary of Occupationel Titles.
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Distributive Educotion is comprised of progroms of occupationol instruc-
fion in the field of distrbution ond morketing. Distributive Educotion
programs ore relotively new ond not common in most public secondory
schools. In this opplicotion, the different types of Distributive Educotion
progroms ore oggregoted. The oppropriote U, S. Office of Educotion code
numbers ore 04.0100 to 04.1200, ond Distributive Educotion will, hereofter,
be reploced by the term, Morketing,

DATA PRESENTATION

The dofo necessary fo complete phose one of the model, the supply-
demond postures, ore presented in Section 4.1, The dota for the porometers
ond the formulation of the lineor progromming model of phose two are
contoined in Section 4.2. In eoch cose, these sections will follow the outline
of phoses one ond two from the previous chopter. Model solufions ore
presented in Section 4.3.

The plonning period in this opplicotion is three yeors. 1t begins with
the school yeor 1968-9 ond ends with the school yeor 1970-71. Since this
study is conducted in the eorly port of 1970, the system is theoreticolly in
the second yeor of operotion. For the purpose of this investigotion, it is
ossumed thot the opplicotion is corried out ot the terminotion of the bose
year of the plonning period. This ossumption does not change the pro-
cedures or outcomes of the investigotion.

41 The Supply-Demond Postute for the Philodelphio LMA

The purpose of this phose is to colculote o supply-demond posture for
the four vocotionol progroms in this opplicotion of the model. The supply-
demond posture indicotes the LMA demonds not satisfied when current
progrom levels (enroliment trends) ore unchonged for the second ond
third yeor of the plonning period. The results of this phose provide the doto
to determine the LMA ond ichool copocity constroints for the lineor
progromming model.

Toble 1 contoins the groduates of oll four progroms by county for the
first yeor of the plonning period. Toble 2 contains the projections of grodu-
otes in these progroms for the three-yeor plonning period. Here it is ossumed
thot groduotes in the third year ore equal to the comparoble number of
groduotes for the previous yeor. This ossumption is outlined in the discussion
following (5) In Chopter Three.

5 All numbars ir. poreatheses; such os the one obove, refer to the functions and relation-
ships outlined In Chopter Three.
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The column totals in Table 2 correspond to the A’'s in (18). The values
for i in this opplication are defined such thot

1 == Bookkeeping.
2 = Clerical,
3 = Stenographic,
4 = Marketing.
and the volues for |, the counties, are defined such thot
1 = Bucks.
2 = Chester.
3 = Delaware.
4 = Montgomery,
5 = Philadelphia.
The values for t, the years in the planning pericd, are defined such that

1 = the fiscal year ending June 30, 1969.
2 = the fiscal year ending June 30, 1970,
3 = the fiscal yeor ending June 30, 1971.

The adjusted tolals in Table 2 represent A%, in (23) where o, = 0.80 for
ol 1.

Table 3 contains the projections of postsecondary vocational education
graduates in the LMA for the Lase year of the planning period. Since
certair types of troining institutions described in Chapter Three do not offer
progrums in the area of Business and Distributive Education, the volues for
k in (}7) are modified, such that

1 = Community Colleges.

2 = Private Business Schools.

3 == Monpower Development Training Act Progroms.
4 = Two-Year Programs in Colleges and Universities.

5 = Private Junior Colleges.
Table 4 shows the three.year prejections of poshsecondory graduates.

The columa tolals in Tob's 4 correspond to the B’ in (17). The adjusted
tatals in Table 4 correspond to the By in (24} where b, = 0.95 for all i.

Table 5 shows the decision-moker the end product of phoste one, the
shortage of trained groduales in the Philodelphia LMA by occupotianol
program. This table corresponds o {25). At this point, the decision-maker
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can use these projections of unmet demands in Table 5 to formulate his
choices ubout program changes he wishes to initiate In the public schools.
These decisions will then be translated into parameters which are used in
phase two. In this application, no supply figure exceeds the corresponding
demond. In foct, there exists o large discrepancy in all four cases.

4.2 The lineor Progromming Model for the Philadelpha LMA

The purpose of developing o linear progromming model in phose two
is 1o generate an optimol solution for the Philadelphia LMA given informa-
tion on (1) the unmet demands of the LMA, (2) constraints on the desired
additional prc grom capacity of the public schools, and (3) a set of budget
constraints. This latter set of information is based on the vocational-technical
education funds that the State Boord may use 1o encourage public schools
to produce oddifional graductes in the third yeor of the plonning period.
Since the vocational-technizal education progroms ir this opplication take
two years to complete, these additional students would begin their program
in the second year of the planning period.

The apfimal solution to the linear progromming model provides the
State Board of Education with new information to improve future resource
allocations for the public schools in the LMA. Various alternatives that the
State Board may wish 1o Investigate are formulated In the constrairt set of
the model. The objective function Is linear. It is designed to moximize the
output of additional graduates in each vocational-technicol education
program.

THE OBJECTIVE FUNCTION

The objective function in this applicotion con be written

4 5
Maximize 2= 2 2 oxy (40)

where
Z = a scalor representing the total output of additional graduotes
in the third yeor of the planning period.
xy = the ouvlput in program i from county |
| = 1, 2, 3, 4 {vocational-technical education programs),
i = 1,2 3 4, 5 (counties in the Philodelphia LMA).
The constraints that follow represent restrictions on the values of the

xi's. Specifically, the constrain's represent various alternafives that the
Stote Board wishes to put on the additional number of graduates they will

support.
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LABOR MARKET AREA CONSTRAINTS

LMA constroints are formed using the data from Tabla 5. In this applica-
tion, g = 1 for all i. Hence, C*; = d, for all occupotiono! programs.
Using the dy's from (28), the constraints are formed below.

5

T xy < 3245 . @
j=1 -

5

E Xaj < 16159, (‘2)
=1 -

5

2wy < 4485 {43)
j=1 -

5

T xy < 10594, (44)

=1

These four inequalities insure that the additional output from the public
school does not exceed the unsatisied demands of the LMA, for each
occupetional In the model,

SCHOOL CAPACITY CONSTRAINTS

The school capacity constraints developed below allew the SCF to
reflect its judgments cbout the future performance of the public schools
in the Philodelphio LMA. Capacity constroints are expressed in ferms of
the increosed number of graduates thot the SDE desires to produce in eazh
county. Totle & provides a typical sot of progrom increases that the decisio -
maker would be expected to provide. Upper and lower bounds on the » ;5
indicate minimum and maximum pregram growth thot the SDE des:.

Notice that for Philadelphia County (] = 5), the upper and lower bounds
for each progrom are less thon those for the other counties. This is becousn
the Philodelphia School District is the only district in that county. All other
counties have at leost nine districts offering one or more progroms.

The data in Table 6 can eosliy be ironsloted into the constraints described
in (32). For example, using the table entry in row one, the oppropriate
constraint is 24 <C x;; < 48. The other ninsteen constraints con be set up
in @ similar monner.
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TABLE 7. SUMMARY OF THE SCHOOL CAPACITY CONSTRAINTS

BY COUNTY
Total Number of
County Graduates in 1970 qs Ty
1 1,127 020 225
2 842 0.20 168
3 1,667 0.20 332
4 1,232 020 246
5 6,540 0.20 1,308

The data in Table 7 indicate the fotol maximum number of additonal
groduates that the decision-maker wishes to generats In each county. Using
the data in Table 7 and description of the constroints in (36), the total
school capacity constraints can be formed for each county.

4

T xy < 225. (45)
i=1 -

4

Z xz < 168, (45)
1= -

4

2 oy < 3032, (47)
i = -

4

X oxy < 248, (48)
= -

4

2 xy < 1308, {49)
i=1 -

Although the maximum percentage of total increase In graduates from oll
four programs varies from county to county {as can the tiy and t'y for each
varioble in the model), all q; from (36) are set ot 0.20 for this particulor
application,
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TABLE 8. SUMMARY OF THE BUDGET CONSTRAINTS BY
OCCUPATIONAL PROGRAM

Occupational
Progrom County hy ry hiry;
1 1 150.00 L1 167.00
1 2 150.00 1.16 174.00
1 3 150.00 1.09 164.00
i 4 150.00 1.06 159.00
i 5 150.00 1.15 173.00
2 1 100.00 1.19 119.00
2 2 100.00 1.12 112,00
2 3 100.00 1.10 110.0¢
2 4 100.00 Li7 117.00
2 5 100.00 1.12 112.00
3 1 200.00 1.09 218.00
3 2 200.00 117 234.00
3 3 200.00 1.06 212.00
3 4 200.00 1.1 222.00
3 5 200.0 118 226.00
4 1 150.00 1.08° 162.00
4 2 150.00 1.16 174.00
4 3 150.00 1.09 164.00
4 4 150.00 1.07 161.00
4 5 150.00 1.19 179.00

*The riys far Business Education programs derived fram ths, Business Education Annual
Reports, Pennsylvania Department of Education Form PIBE-50 (Rev. 3/68) submitted by lndi-
vidua! school districts.

* The ri4's for Distributive Education programs derived from the Distributive Education An-
nvol Keports, Pennsylvania Department of Educotion Furm PIBE-192 (Rev. 3/68) submitted by
Individuol school districts.

BUDGET CONSTRAINTS

Since the stote does not have unlimited resources to finance voco-
tional-technical education programs, the decision-maker must specify o
fixed moximum level of funds per progrom that can be allocated for this
purpose. Table 8 provides the information necessary 1o form the required
budget constraints outlined in (38). The value of each h; in this toble
is the fixed emount of vocationo! education funds allocated to a school
district for every odditional student enrolled in progrom i.

Notice that the allocation Is based on additional students enrolled rather
then oddifional graductes. This allows the SDE to support an initiol addi-
tional enroliment sufficient to generate the appropriote number of edditionol
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graduates two years later. Hence, ryx); indicates the initial additional
enrollment necessary to generate x,; graduates two years later. Further,
thera Is no reason to expect that each ry fram (38) must equal the corre-
sponding f2 from (19). This would hold only v2n the otrition rate is
constant from year to year. With the expansion of program enroliments
and the continued inprovement of vocational guidance, this is not fikely.

Using the data from Table 8, a budget consiraint can be forraed for each
occupational program in the model.

5
) 2 hirxy < 50000.00. (50
| =

5

2 hgl’z)Xz; < IW.OO. (51)
=1 =

5

p)] h3f35X3’ < 800C0.00. (52)
=1 =

5
l 3 ' h4f4}xu s 100000.00. (53)

The entire set of constraints and the objective function have been form:-
lated. These equations and inequalities can now be t-ansforraed into the
appropriate form 10 run the IBM 350 mathematice! programming algorithm.

4.3 Solutions to the Model

Using the objective function and the constroints outlined in Section 4.2,
an .optimal solution can now be calculated. The optimal solution and the
subsequent information that can be presented 1o the decision-maker are
shown in Tables 9 through 13. ‘

Table 9 contains the summary of the solution set oullined in (29); Z* is
the total additional groduates and each x*; in the optimal solution is
defined by using the entry in the table naxi to the appropriate occupational
program and county. The optimal solution oppears in the column labeled
graduates. The other column labeled enrollments includes the number of
enrolless necessary to generate the x*,; groduates at the completion of the
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two-year program. The enrollments equal ryx*;;. First year allocations per
counly are based on enrollmenis. This can be seen in the budget constraints
in (50) through (53).

The x*y's found in the column of Table ¢ labeled Graduates are
not all integers in the optimal solution. Where the activity level is
not expressed os an integer in the optimal solution, that x*;; is rounded
to the neorest integer sotisfying the constraints. Hodley notes in such
circumstances “this is frequently done in practice and is o perfectly valid
approach when the volues of the variables are sufficiently large that roinding
kas a negligible effect.”® If the budget constraints, (50) through (53), are
removed from the constraint set; each activity level in the optimal solution
would be expressed as an integer.

Based on the optimal solution, a set of additonal information can be
prepared for the decision-maker, Toble 10 shows the allocation of funds
to each county for each program in the model. Also, no budget limitation
expr.ssed in the budget constraints is exceeded.

Taoble 11 provides the decision-moker with she actual percentage of
increase in graduotes by county and by program. The lower and wpper
bounds for each county in the toble represent the corresponding by and 1y
specified by the decision-maker in Table 6 prior to the calculation of the
optimal selutian. Notice thot no’actval increase in program output for
any entry exceeds the range for x*, set by the upper and lower bounds
in Table &.

In Table 12 the decision-moker Is provided with the actual percentage
of Increcse in the total nuraber of graduates per county resulting from
the optimal solution. The column labeled Maximum Increass represents
the q;'s specified by the decision-maker in Table 7. Notice that the octual
percentage of increcse in the total output is less than or equal to the
corresponding maximem increase specified by the decision-maker prior to
colculating the wptimal solution.

Table 13 shows the new supply-demand posture that would result from
the additioral 1971 graduates described in Table 9. In this table, it Is
assumed thal 90 parcent of the additional 1971 graduates would enter
the labor market upoa completion of thelr training.

The Informotion in Tables 9 through 13 provides the decision-maker with
o set of information describing the long-range consequences of implementing
an optimal solution, This type of planning dota increases the information

*Goorge Hodley, Nonfineor and Dynomic Progromming, (Reoding, Monachvsers: Addhon-
Weiley Pubikhing Compony, 1984), p. 251,
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TABLE 9. SUMMARY OF THE OPTIMAL SOLUTION TO THE LINEAR
PROGRAMMING MODEL FOR THE PHILADELPHIA
LABOR MARKET AREA

Item Description Graducites Enroliments
Total Additional Graduates 2,139 2,395
SUMMARY 8Y PROGRAM
éccounling
Bucks 48 53
‘ Chester 36 42
; Delaware 78 85
! Montgomery 70 74
Philodelphic 68 78
Yotal 300 332
General Clerical
Bucks 58 69
Chester 60 67
Delaware 89 98
Montgomery 70 82
Philadelphia 610 683
Total 887 999
Stenogrophic
Bucks o8 74
Chester 49 57
Delaware 101 107
Montgomery 60 67
Philode!phia 80 o4
Total 358 399
Morketing
Bucks 50 54
Chester 23 27
Deloware 84 70
Montgomery 46 49
Philadelphia o 465
Total 574 0665
SUMMARY BY COUNTY
Bucks 224 250
Chester 168 193
Delaware 332 360
Montgomery 245 2
Phitadelphia 1,149 1,320
3 Total 2,119 2,395
Q
ERIC o
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TABLE 10. SUMMARY OF THE ALLOCATION OF VOCATIONAL
EDUCATION FUNDS RESULTING FROM THE OPTIMAL SOLUTION

TO THE {INEAR PROGRAMMING MODEL

Ttem Description Altocations
Total Allocation 329,250.00
SUMMARY BY PROGRAM

Accounting

Bucks 7,950.00
Chester 4,300.00
Delaware 12,750.00
Montgomery 11,100.00
Philodelphia 11,700.00
Total 49,800,00
General Clerical
Bucks 6,900.00
Chester 6,700.00
Delaware 9,800.00
Montgomery 8,200.00
Philadelphia 68,300.00
Total 99.9200.00
Stenog. aphic
Bucks 14,800.00
Chester 11,400.00
Delaware 21,400.00
Montgomery 13,400.00
Philadelphta 18,800.00
Totol 79,800.00
Marketing
Bucks 8,100.00
Chester 4,050.00
Delaware 10,500.00
Montgomery 7,350.00
Philadelphia 6%,750.00
Total —99.750.00
SUMMARY BY COUNTY
Bucks 37,750.00
Chester 26,450.00
Deloware 54,450.00
Montgomery 40,050.00
Philadelphla 168,550.00
Total 329,250.00
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TABLE 11. SUMMARY OF THE PERCENTAGE OF INCREASE IN
1971 GRADUATES BY OCCUPATIONAL PROGRAM RESULTING
FROM THE OPTIMAL SOLUTION TO THE
LINEAR PROGRAMMING MODEL

Lower Upper Actual*
ltem Description Baund Bound Increase
Accounting

Bucks 10.0 2090 20.00
Chester 10.0 20.0 20.00
Delaware 10.0 20.0 14.69
Montgomery 100 20.0 20.00
Philadelphio 50 20.0 10.00
Total - — 15.0«
Ge.ieral Clericol .
Bucks 15.0 250 15.00
Chester 150 250 25.00
Deloware 15.0 250 25.00
Montgomery 15.0 250 25.00
Philadelphia 10.0 20.0 20.00
Total - - 20.55
Stenographic
Bucks 10.0 20.0 17.94
Chester 10.0 200 15.31
Delaware 100 200 19.24
Montgomery 10.0 200 11.47
Philadelphia 50 100 10.00
Total - - 141
Marketing
Bucks 20.0 40.0 40.00
Chester 20.0 400 24.21
Delawcre 20.0 400 20.00
Monigomery 300 10.0 40.00
Philodelphia 10.0 200 19.47
Total - - 21.89

* Actuol Increass Is expressed a1 a percentage derlved from the rotio of odditienal gredv-

otes In 1971 to corrmponding number of total groduates In 1970,
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TABLE 12. SUMMARY OF THE PERCENTAGE OF INCREASE IN
1971 GRADUATES BY COUNTY RESULTING FROM THE
OPTIMAL SOLUTION TO THE LINEAR PROGRAMMING MODEL

County Maximum Increase  Actual Increase®
Bucks 200 19.86
Chester 20.0 19.95
Delaware - 200 20.00
Montgomery 200 20.00
Philadelphia 20.0 17.57

Total - 18.57

. % Actual Increase is expressed as o percentage derived from the ratio of additional gradu-
ates In 1971 ta corresponding number of totol graduotes in 1970,

base upon which policy decisions about future resource allocations are
made. The planning data are generated in keeping with the guidelines
of PPBS, which allow the decision-maker first to focus on inputs and outputs
rather than Inputs alone and second to build in @ dimension over time that
tries to see today’s decisions in terms of their longer term consequences.

4.4 Discussion of thLModel

In terms of the modet described In Chapter Three, phase two requires the
decision-maker 1o provide the following parameters:

1. my the minimum percentage of increase in program 1 in school |.
2. ny, the maximum percentage of increase In progrom i in school |
3. qy the maximum percentage of increase In the total output of county |.

4. hy, the fixed amount of vocationai education funds allocated to the
public schools for each additanal student authorized to enrolt In program i.

5. H, the fixed amount of vocotianal education funds to be allocated to
support additional students In program .

6. ry the percentage of students In program | In county | necessary to
produce the desired number of graduates af the completion of the two-
year program.

These porameters are used to define the constraint set of the model. This
application of the medel in the Philodelphia LMA requires only 17 seconds
of computer time to generate a solution uslag the mathematical program-
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ming olgorithm and on 1BM 360-67 computer. Since it hos been demon-
stroted thot this is a relofively inexpensive model to run, o number of
optimul solutions for differen: clternatives specified by the decision-moker
in 1 through 6 obove could be generoted. For exomple, the model could
be run using higher or lower budget constroints for eoch progrom. The
decision-maker might olso wish to olter the minimum ond moximum progrom
growth or reduce the fixed omount of subsidy for each student. The model
can eosily reflect any of these changes in the poramete:s specified by the
decision-moker.

The purpose of this opplicotion has been to exhibit the copabitity of
the model to provide the decision-moker with new informotion to formulate
policy decisions about the future resource ollocotions to certoin vocotionol-
technicol educotion progroms in the Philodelphio LMA. No ottempt is mode
in this study to investigote other selected optimol solutions thot could result
from chonging the decision-moker’s porometers In 1 through 6. An infinite
number of possibilities exist, Other optimo! solutions would be generoted by
formuloting the lineor programming model in the some monner os outlined
in Section 4,2.

VARIABLES IN THE MODEL

in Chopter Three the model hos been constructed for i progroms in |
counties. In this opplicotion there were only four progroms ond five coun-
ties which resulted in 20 voriobles in the model. 1t should not be concluded
thot future opplicotions of the mode' ore limited to such o smoll number of
voriobles, For exomple, Bruno hos shown in o simitor educotionol plonning
model thot 92 voriobles resulting in o 182 by 92 motrix con be eosily
ond Inexpensively solved using the 1BM 350 mothemoticol progromming
o'gorithm.”

FUTURE ALLOCATIONS OF VOCATIONAL FUNDS

The budget necessary to implement the results of the optimol solution
in the lccol schoo! districts for the second yeor of the plonning s described
in Toble 9. i the SDE wishes to provide the focol school with the same
finonciol Incentive for these odditionol students when they enter the second
yeor of their two-yeor vocationol-technicol vducotion progrom, o simfor
Ludget would be prepared the tollowing yeor.

The model does not specify thot the finonciol incentive should be given
for the oddifional students in their second yeor of the progrom. This option

* James E. Bruno, “An Alternative 1o the Use of Simplistic Formulcs for Determining Stote
Resource Allocation In School Finance Programs,” Americon Educotionol Ressorch Journel,
6: 493; November, 1969,
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resis with the decisior-maker. Possibly the financial incentive, h;, could be
viewed as “seed money” given only in the initial year. In this case, “seed
money” could be used the following year to gensrate new enrollments in
other occupational programs also having o c-itical shortage in the LMA but
not included in the current application of the model.

IMPLEMENTING THE SOLUTIONM

The solution Yo tha model in Table 9 is expressed in terms of additional

graduates per progrom per county rather than per program per school
district, The value of using counties rather than school districts he: been
discussed in Chaptar Three. To implement the solution, however, thy SDE
must ultimately specify the number of additional students per school district
who will receive the financial incentive hy.

One approach 1o this preblem would be 10 allow each school disisict to
claim an oppropriate reimburserient for odditional students vsing the for-
mulas below.

ijp Swinup. (54)
Wi =hXyp. (55)
whera
Xyp = the additional students in program | in schoo! district p
in county | who ore efigible to receive the financial in-
centive h;.
wy = the actual increase in students in program | in county |
reflected in the optimal solution. (The figures are con-
talned In Table 11 as percents and should be converted
to decimals.) :
Yyp = the fint yeor students in program 1 in scho”! p of
county | during the year ending June 20, 1969.
Wy, = te allocation of vocational funds to scheol district p In
county | for additional graduates in program i author-
ized to receive the financial incentive h,. ,
p = 1,2 ..., r (the locol school districts within a county).

Possibly all schools would aot wish to expand their encollments to the levet
of the optimal solution. In this case, the Inequality in (54} would hLold.
Hence, an alternative method for allocating the financial incentive to spe-
cific local school districts should be developed. It should be clear, however,
thot the solution to the linear progromming model can be calcvlated Inde-
pendent of any porticvla- policy developed for ollocating the budgets in
Table 10 to local schoo! districts within counties.
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4.5 Summary

The opplication of the educational plonning model to selecied vecatianol-
technical education progroms in the Phitadelphio LMA indicates thot linear
programming techniques can be utilized effectively by states to provide
valuable informution for determining future resource allocation policies in
vocotional educotion. Specifically, the model provides a methed for exom-
ining the long-term consequencos and budget requirements for alternotive
strategies that the decision-maker may wish to implement in the state system.

it is important to note that the optimal soluticn 1o the model not only
provides a measure of the moximum number of graduotes that the public
schools could generate, but also forms the basis for constructing other
decision-making fnformation that should influence resource allocation strate-
@'2:. This informotion and the mannzr in which it should be presented fo
the decision-maker has been outlined in Tobles 9 through 13. This addi-
tiona' plonning information includes:

1, The initial enrollments necessary to generate o specific numbsr of
graduates in o progrom faking two academic years to complete. In this
case, the decision-maker is forced to review not only the producton of gradu-
ates bl also to consider the atirition rates thot exist within programs.

2. The budget necessary ta support each program in each county, This
allows the decision-maker to review the state system as a set of input-output
or production relationships. The inputs are the vocationa! education funds
allocated by the state while the outputs of the system become the number
of trained graduates resulting from the porticular allocation of funds.

3. The net effect of the output of graduates on the supply-demond pos-
ture n the LMA. This ollows the decision-maker to view the result of his
oltarnafive In terms of the number of LMA demands that would be satisfied
by the production of additional groduates. He is forced to distinguish be-
tween graduates of occcupetional programs and its actual number of gradu-
ates who enter the labor market upon completion of their program.

It should be clearly understood that the mathematical planning modet
does not make decisions nor can it replace judgment on the part of the
decision-maker. The model is designed to aid and support the decision-
maker by providing information that ollows him to be much clearer about
the implications of different alternatives,

Finally, it has been shown tha! the educational planning mode] devel-
oped 1n this study provides a relatively inexpensive method for investigating
various alternatives regarding the future performance of the vocational adu-
cafion system. 1t is inexpansive for two recsons. First, the model uses exi-
ing data which have olready been gathered for accounting and reporting
purposes. Second, the computer time necessary to derive solutians for the
model s less than twe minutes.
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Chapter Five
Summary and Conclusions

The purpose of develaping the mathematical programming model in shis
investigation has been to provide the decision-maker, the State Board of
Education, with new information to evaluate decisians about the efficient
allocation of vocational education funds to locol school districts. The mathe-
matical model has been designed specifically to answer the followirg ques-
tion posed by a State Board of Education,

How can the SDE most efficiently allocote a fixed level of
vozational-technical education funds (input) to the public schools
so thot the output of graduates from these vocational programs
at the local level make the most sigaificant coutribution toward
reducing the existing demands of the labor market?

Given this ¢ _fion, it has been demonstrated thot linear programming
techniques can be effectively utilized to provide valuable information for
determinirg future resource allocation policies in vocational educe tion,
Specifically, the model can provide o method for examining the long-term
consequences of alternative strategies that the decision-maker moy wish to
Implement [1 the state vystem.

The model has been decveloped in keeping with the guidelines set forth
in the PPBS 'rhich force the decision-maker

1. To focus on inputs and outputs rather than inputs alene.
2. To ossure the decision-maker o choice of valid comparoble alternatives.

3. To build in o dimension overtime that tries to see today’s decisions in
torms of thelr longer term contequences.

The application of the model to the Philadelphio LMA shows that these
guidelines have been utilized to generate appropriote planning irforma-
tion for the decision-maker. In the opplication of the model, emphasis has
been ploced not only on the solution to the model, but alse on the type of
additionol information that can be givsn to the decision-maker as a result
of the solution. This information inclvdes budget requirements by program,
enroliments nacessary to generate future groduates ond the net long-term
effect of the decisicn-maker's strategy on the future supply-demond posture
of the labor market.
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It has been demonstrated that the mocle! formulates o generalizoble pro-
cedure thot can be applied to any labor market in the state. In fact, since
labor markets are federal subdivisions, schools across the country exhibit
similar organizational characteristics and State Departments of Education
have similar decision-making structures, this model provides a procedure
that can be applied in any state. The generalizability of the model is
also enhanced by the fact that the administration of vocotional education
progroms in every state must follow the regulations set forth in the guide-
lines provided by the U. S. Office of Education. ’

g v

One valuable proporty of the model developed in this Investigation is
that it uses data which currently exist in State Departments of Education.
These data have been used in the past few years olmost exclusively for
v accounting and reporting purposes. The model has provided a guide for
{ demonstrating how such data can be analyzed and structured to improve

the current information buse upon which decisions obout future resaurca
allocations are made. :

Anather principa! value of a model such os the one consiructed in this
investigation is thal it forces the educotional plonner and the decision.
maker to face explicitly fundamentol questions. For example, the planner
must establish an odequote measure of the performance of the educational
system. Also he must be oble to exprass explicitly in terms of the model
= such things os differences in the cost of vorious training programs as
5 well as variations In the offrition rates in differsnt geographic areas. The
i1 point to be emphasized Is that models and the ressarch associoted with
] them can help 1o make these kinds of focts explicit, but the models do not
i by themislves provide the basis for deciding which allocations of resources

9 are appropriate.

.#i 5.1 Recommendations for Future Research Using Mathemotical Models

The results of tho study reported in this dissertation suggest several inter-
esting areas for further study. The objective function In the present model
has been designed 1o maximize the output of graduates who will enter the
fobor market and thus reduce the critica! occupational shortages that
currently exist. Future research using o model such os the one set forth
In this investigation might consider other objective functions thal measure
benefits of vocat'onol training progroms. For example, an objective function
could be constructed to measure long-term gains to the economy that
would result from considering the different ldetime eornings of graduates
employed in various occupations. .

¥ an index could be constructed to reflect the number of different
related occupali | opportunities that would be available for greduates
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from the various vocotional-technical educotion programs, on objective
functicn could be formulated to maximize the number of employment oppor-
funities that would accrue to individual students. In this case the objective
might be to

m n
Moaximize Z = X 3 exy
=1 j=
where
xy = the number of graduates in progrom i in county .

¢ = a weight reflecting the number of different occupations
that the graduate of prograom i would be able to enter
upon completion of his training prugram.
Z = student benefits resulting from vocational education
programs,
This suggestion refates to the concept of “cluster training” which is currently
recelving much atention from vocational education curriculum spucialists.!

There are many possiblq mathamatical refinements that one might con-
sider. Suppose the objective s to

n

z [STET]

Maoximize Z —
: 1 =1

Il M3

where ¢y = fylx;} and fy Is a linear funciion of x;. Then Z is o quadratic
function. ‘When the objective function is .ionlinear (quadralic or mere
complex) ond the constraints are linear, the model con often be formulated
as a convex programming problem. In this case, tha separable programming
ogption in the IBM 340 mathemoaticol programming olgorithm could be
vlilized 1o provide close approximations for the convex progromming model.

In some educational planning madels the ;s and the decision-maker's
parameters (such as those listed in Section 4.4) might be random variables.
Then the mothematical programming problem Involves o stochestic model.
There or* o number of methods that have been applied to stochostic
programming problems.? The adlive ond passive approaches to stochastic

1For an extellent discunsion of the clhuster ccacept 1ee Nevin k. Frantz, “Th. Cluster Con-
copt o8 o Progrom in Yocotionol Education ot the Secondary Lavel,” in Cothleen Grvirk and
Coro! Sheenon (ede.), Reseorch in Yocofionel Education, (Modlon: Center for Sivdies Tn
Vocationol and Technical Edvcotion, Univenity of Wistomia, 1962, pp. 0394,

"For a wwmmary 1ee Jui K. Sengupta, “The Stobility of Truncated Solutions ln Stochastic
Lineor Progromaing,” Econometrics, 34: 77.104; Seplember, 1964, . .
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programming could be applied. Chance-constrain:d programming is a
likely candidate, since this approach includes the possibility that a constraint
is violated. In chance-constrained programming (31) and (35} from this
study could be written as

m
P( = Xy < T,) > a, (fOf ol i)
I=1 = -

n
P( = x5 < di) > B (for all )
=1 = -

where 5y and 8, are probabilities not far from 1.0. In the model developed
in Chapter Three the a;s and the 8s have been set at 1.0. Hence, the
model in this study is the deterministic case.

The method of cerkiinty equivalence Is the most common approach
that has been applied to mothematical progromming problems with random
variables. In this case, usually the expectad value of the abjective function
is ta be maximized. Theil has applied this technique to models in macro-
economics and the thecry of the firm.3

Ir the near future, os refinements appear in the area of nonlinear ond
dynamic programming, one can expect that some of these features might
bs incorporated into education planning models. This study considered
baiic constraints and a simple objective function since i1s purpose was
merely 1o demonstrate the potential usefulness of this approach as a practical
alternative fo present methods which do not utilize me-agement science
or decision. theory modals.

5.2 Recommendations for Vocational Education Plonners

Vocational education planners should attempt to impcove their data un
the employment p'cnunl of graduates. This type of information becomes
extremely Important to the decision-makers In vocational education. If
long-terin planning is to be more effective, the decision-maker must have
accurate information on such factors as mobility patterns, occupational
Iangevity of graduates and the relavance of vocational iraining to job
performance. The utility of future models ta determine tha benefits of
wpecific vocational education programs would be greotly increased if
student follow-up data such as thote described gbove could ba collected
ond cnolyzed.

* Henrt Theil, Optimof Decition Rubes for Goverament ond Indusiry, (Amsterdem, Nether.
Jords: Nerth-Holland Publishing Compony, 1964).
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State Departments of Eaucation have played a key role in the adminis-
trotion ond supervision of federally-financed vocational education since
1917. With the expansion of federal progroms in 1963 aond 1968, they
have been called upon lo ploy o more important role in planning and
financing vocational education programs. To maintain @ sound finonciol
progrom, additional research will be necessary to rlevelop more precise
measures of the excess costs of specific vocational programs in comparison
with general educatisn, In dealing with large vocational education enroll-
ments, statements such as “far generol planning purposes, it moy be
assumed that vocational education classes cost 1.2 or 1.3 times the cost per
student for general classes” will not suffice. More accurate measures of the
costs of specific vocational education programs will be necessary to conduct
thorough economic investigations of expenditures.

Lobor markel area information, such as the supply-demand postures
developed in phase one of this model, should be disseminated to the Private
Business Schools and the Private Trade Schools. Research on the effect of
forwarding this 1ype of infarmation to the private schools should be con-
ducted. Possibly, this flaw of Information ostembled periodically by the
State Department of Education will increase the productivity of these institu-
tions, If this is lrue, then State Departments of Education will have played
a key role in reducing the occupational shortages in the labor market
without directly ollocoting funds for progrom exponsion.

5.3 Conclusions

Curing the past few years there has been o rapid development of the
field colled munagement science {not to be corfused with the olde. tradi-
tion of “scientific management” in the sen:e of time and motion studies).
Management science models, which express the organizational environment
and its dynomics in mathemotizol relationships, hove successfully been
applied in the fields of business management, military operations research,
traffic engineering ond regiono! planning. Although the utility of such
models has been demonstrated In oreos listed obove, few educational
planners are mcking use of thie modern management approachas.

The results of this study hove demonstroted thal monagement science
modals can be of practical valve to eduration planners ot the state level.
Spacifically, this investigation has show:i: that linear progromming tech-
niques, o management science *ool, can be effectively utilized by State
Departments of Educotion lo pravide valuable new information for deter-
mining future resource allocation policies In vocotional educction. The
flexibility of linear progromming techniques demonstrated in this study
seems to offsr some evidence that this type of mode!l con be effectively
applied to similar sducetional planning operations ol the federal, state,
regional and toca! levels.
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